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ABSTRACT 
In the agricultural centers of the world, soil quality is a widely studied topic. This 
study focuses on two microbial aspects of soil quality within the riparian zone as affected by 
land use: soil microbial biomass (SMB) and the mineralization/immobilization of nitrogen. 
The soils in question were collected on six different dates over atwo-year period from 
riparian forests, pastures, and crop fields along three streams in the Mark Twain Reservoir 
watershed in northeastern Missouri (Monroe County). 
SMB was determined in soils up to 110 cm depth using chloroform fumigation-
extraction. Surface soil (0-15 cm) under pasture and forest contained 35% and 28%more 
SMB, respectively, than was found under crop. SMB carbon was at its lowest during the 
summer, most likely due to a combination of climatic variables. Depth had a highly 
significant effect (P<0.001), with S 0-75 % of the total SMB at a site found in the top 3 5 cm 
~f soil. 
Aerobic soil incubations were used to determine changes in soil inorganic nitrogen 
over two-week periods. Land use had little effect on levels of inorganic nitrogen in the soil 
or on rates of N mineralization. As soil depth increased, soil N concentrations and 
mineralization rates dropped. Mineralization rates in surface soil were approximately 1.8 mg 
N wk"1 kg 1 dry soil while about 0.2 mg N wk"~ kg 1 dry soil was immobilized in the deepest 
depth sampled (65-80 cm). Additions of labile C or N during the incubations seem to show 




This introduction is primarily composed of a literature review. Two papers intended 
for publication follow the introduction. In the first paper, the fumigation-extraction method 
is used to determine the effects of land use on soil microbial biomass (SMB) in the riparian 
zone along three northeast Missouri streams. The second paper describes a concurrent study 
of the mineralization immobilization of soil inorganic nitrogen in the same soils during two- 
week long aerobic incubations. These chapters are followed by a general conclusion. 
Introduction 
The nutrient pollutant of surface waters in the United States that has received the 
greatest amount of study is nitrate (NO3-). This compound is plentiful in the natural 
ecosystem and is used as a source of nitrogen (N) by plants and soil microbes. Nitrate and its 
chemical cousin, ammonium (~L~TH4+), are applied in great quantities on crop fields in the 
~nited States and abroad. They are excreted in the wastes of animals and are readily 
transferred from one form to the other. Nitrate is of greater concern than NH4+ because NO3-
does not adsorb to soil and is carried easily by water while NH4+ adsorbs readily to soil, 
making it less likely to leave the land and end up in the regional waterways (Seelig and 
Nowatzki, 2001). 
The NO3- in our waterways comes from a variety of sources, including animal wastes, 
inorganic fertilizers (both agricultural and urban), organic matter decomposition, and sewage 
system waste. Though all of these sources should be examined in order to fully understand 
the system, this study focuses on agricultural sources. 
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The agricultural nature of the primary land uses in the American Midwest has led to 
changes in the terrestrial/aquatic ecosystems of the region. Lands that were once wetlands 
have been drained for agricultural use (Rabalais et al., 1999). Tillage exposes soil that was 
once covered by forests and prairies. Cattle graze in streamside pastures, trampling the 
stream banks as they enter the waterway to drink (Belsky et al., 1999). Streams have been 
straightened to remove meanders, speeding the flow of water and the rate of channel erosion. 
Water is moved more rapidly from the landscape, allowing less opportunity to interact with 
the living filter of the soil ecosystem (Lee et al., 2000). These land management practices 
and many more affect surface waters. The land and water are interconnected, whether 
primarily through stream/groundwater/floodplain interaction or with the assistance of the 
systems. 
The riparian zone, land directly adjacent to waterways, offers an opportunity to 
improve water quality w '~thout removing agriculture from the watershed. Riparian buffers 
have been shown to decrease nutrient concentrations (including NO3-) and sediment loads in 
surface runoff (Lee et a1., 2000), in the soil-water system (Schultz et al., 1995; Tufekcioglu et 
al., 1999), and in groundwater (Simpkins et al., 2002). 
Nitrate-N in the riparian zone maybe immobilized by soil microbes, be assimilated 
into plant biomass, or, under anaerobic conditions, undergo denitrification. These fates of 
NO3" are influenced by spatial variables, seasonal variation, and rates of input (Groffman et 
al., 1992). Spatial variables include topography, soil depth, and soil drainage. Seasonal 
changes in temperature, rainfall, and plant productivity and N inputs from plant litter, plant 
exudates, and anthropogenic N additions are also important in determining the fate of NO3- in 
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riparian zones. If NO3- is not removed from the system in the riparian zone, it may be 
leached into surrounding surface and ground waters. 
Once NO3- enters the aquatic system, it maybe consumed by algae and bacteria. If 
sufficient nutrients and light are available, algal blooms might cover the water's surface, 
particularly in lacustrine systems. Some algal species release chemicals that are toxic to fish 
and mammals. When algae bloom, these toxins may reach deadly concentrations for wildlife 
and livestock (Horne and Goldman, 1994a). 
When the algal bloom dies, it falls to the bottom of the water body where it is 
decomposed by bacteria and small invertebrates. Decomposition requires oxygen, which 
becomes substantially depleted in deeper waters. Fish kills may occur when dissolved 
oxygen levels fall below 4 or S mg liter 1 (Horne and Goldman, 1994b). Although this 
usually occurs on the scale of a pond or lake, thousands of square miles in the Gulf of 
Mexico along the Louisiana C~.~ast have fallen victim to widespread eutrophication for each 
of the past several years. Eutrophication occurs because of the enormous amounts of 
nutrients released into the Gulf from the Mississippi River. These nutrients have led to the 
creation of a `Dead Zone' in which dissolved oxygen levels are too low to support the fauna 
native to these waters (Rabalais et al., 1999). 
This study is a part of a grant funded by the ARS (Agricultural Research Service) to 
determine steps that could be taken in agricultural watersheds to reduce the damaging effects 
of flood events such as the Flood of 1993. It is part of a group of studies focused on 
headwater streams and is being conducted in the Mark Twain Reservoir watershed in 
northeastern Missouri. Other study topics include the denitrification potential and soil 
aggregation dynamics at the same study locations discussed in this thesis. The objective of 
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this study is to measure soil quality parameters, specifically soil microbial biomass and soil 
nitrogen transformations, within the riparian zones of three streams in the watershed under 
different land uses common to the region. 
Although agricultural watersheds, and agricultural riparian zones in particular, may 
not be able to decrease the volume of water in a large-scale flood event, there is still potential 
for riparian zones to have an effect. Among the goals of riparian management are providing 
increased frictional riparian surfaces to slow flood waters and reduce NPS nutrient pollution 
and soil erosion. The rate at which lakes fill with sediment from upstream erosion and with 
organic matter from the excessive fertilization of/growth in the aquatic system maybe 
decreased by improved riparian management practices. Reservoirs containing less sediment 
are able to hold a larger volume of water, decreasing the effects of flooding downstream. 
Literature Review 
Soil Quality 
Agricultural land-management practices have caused changes in a variety of specific 
soil quality parameters. A sampling of the effects of agricultural practices on soil 
characteristics is reported in Table 1. 
All of these soil characteristics contribute to soil quality. Karlen et al. (1997) suggest 
that soil quality might be defined as the ability "of a specific kind of soil to function, within 
natural or managed ecosystem boundaries, to sustain plant and animal productivity, maintain 
or enhance water and air quality, and support human health and habitation." In the case of 
many agriculturally active soils, the quality of the soil does not allow it to maintain or 
enhance the quality of surface or ground water with regards to the concentrations of NO3-. 
5 
Table 1. Changes in soil quality characteristics due to agricultural use. 
Soil Characteristic Change Citations 
Soil Organic 
Carbon Decreases with a icultural use ~ 
Jastrow et al., 1998; Six et 
al., 1998 
Soil Organic Matter 
Decreases when prairie converted to crop Golchin et al., 1995; Wander et al., 1998 
Decreases when forest converted to crop Juo et al., 1995; Boyer and roffm n 1 96 G a, 9 
Decreases when forest converted to pasture Glaser et al., 2000 
Aggregate Stability 
Decreases when land is developed for crop 
p roduction 
Cambardella and Elliott 
1993; Caron et al., 1996; 
Jastrow et al. 1998' ' 
Mar uez et al. 1998' q 
Wander et al., 1998 
Pasture >_ forest or conservation tillage Franzluebbers et al., 2000 
Particulate Organic 
Matter Native sod > no till > conventional tills a g Six et al. 1998 ' 
Erosion Increases with tills e g 
Golchin et al., 1995; Elliott et 
al., 1996; Wander et al., 1998 
Compaction Greater in pasture than forest Deuchars et al., 1999 
Bulk Density Higher in grazed lands than other land uses Mulholland and 
Fullen, 1991; 
I~.zic et al. 1999 
Although it is a relative term, soil quality may be defined by a variety of parameters. 
One of these parameters is soil microbial biomass (SMB). SMB is inextricably linked to a 
number of other soil characteristics and environmental factors. Studies have shown that 
microorganisms are important in the control of overall soil biological activity, nutrient 
cycling, the capacity to degrade anthropogenic additions of fertilizers and pesticides, the 
decomposition of organic material, and the formation of soil aggregates (Elliott et al., 1996; 
Karlen et al., 1997; Franzlubbers et al., 1999; Moore et al., 2000). There are interactions 
between soil microbes and pH, moisture, temperature, plant growth, available C and N, root 
density, microclimate, type of organic matter, abundance of nematodes and protozoa 
(predators), and pollutants (Rice et al., 1996; Carter et al., 1999; Moore et al., 2000). In 
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addition, microbial activity is influenced by many external factors, including climate, tillage, 
crop rotation, and crop residue (Rice et al., 1996; Moore et al., 2000). Microbial biomass 
carbon is often correlated with soil organic carbon and soluble carbon (Moore et al., 2000—
includes additional citations; Haynes, 2000); however, these relationships are neither clear 
nor consistent (Carter et al., 1999). 
The use of SMB as an indicator of soil quality has pros and cons, just as any other 
single parameter would. SMB responds more quickly to changes in the environment than 
many other soil quality indicators (Anderson and Domsch, 1989; Carter et al., 1999), 
including changes in climate, land management, and soil physical and chemical properties 
(Rice et al., 1996). Current methodology allows SMB to be determined rapidly and reliably 
(Wu et al., 1990; Insam, 2001). 
However, SMB is highly variable, both in space and time. The SMB is dependent in 
part on the soil microclimate, including soil moisture and temper.~.ture, and on plant dynamics 
(Rice et al., 1996). Although these parameters maybe of interest in some studies, they may 
be confounding factors in studies of the effects of other soil characteristics on SMB. For 
these reasons, particularly in field samples, standard deviations may be relatively high. 
When looking for a soil quality indicator that may demonstrate the ability or inability 
of the soil and its associated living and non-living components to remove nitrate from soil 
water, SMB seems to stand out. SMB is associated directly with the removal process by 
acting as a consumer and sink as well as being indirectly associated through its ability to add 
structure to the soil. This added soil structure increases water infiltration into the soil and 
increases soil resistance to erosion (Elliott et al., 1996). 
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Table 2. Soil microbial biomass C (mg g' dry soil). Values in the table with the same letters 
are not significantly different (P<0.05). (from Kirchmann and Eklund, 1994) 
Depth Savanna-woodland Arable field 
0-5 cm 0.82 d 0.41 be 
5 -15 cm 0.5 3 d 0.40 be 
15-25 cm 0.51 c 0.37 ab 
25-50 cm 0.23 a 0.32 ab 
Land Use 
Land use influences both the amount of microbial biomass and the associated 
transformations of N. In a comparison of cropped fields and undisturbed prairies (80+ 
years), DeLuca and Keeny (1993) found that prairie soils contain more total C and microbial 
biomass C, than cultivated soils. As a percentage of total C, microbial biomass carbon under 
crops was 0.8% and under prairie was 1.6%. Lynch and Panting (1980) found nearly three 
times the microbial biomass under grassland than under cultivated lands. This was attributed 
to the higher density of roots in the grassla~Yu. A restoration study by Jastrow et al. ~ (1998) 
revealed a gradual increase in SMB when cultivated lar_ ~. ~~ ds restored to prairie (year 0: 422 
µg/cm3 soil; year 1:732; year 4: 757; year 7: 823; year 10: 850). 
Similar trends may be found in areas with forest as the native land cover. Griffiths et 
al. (1997) found that forest soils contained greater amounts of organic C and N than pasture 
soils. Table 2 shows the decrease in SMB when savanna-woodland was converted into crop 
field (Kirchmann and Eklund, 1994). They also found significantly greater biomass in the 
upper 5 cm of soil within 3 m of trees than under grassy or bare soil (all with a litter layer). 
In addition, Au et al. (1998) found that species composition differences in forest 
communities could cause significant changes in SMB. Soils under a monoculture of sugar 
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Table 3. N distribution in soils under four management strategies. Land uses ongoing for 
27 years; crop fields were generally under cereal grains. N was added as 80 kg N 
ha ~ yr ~ (NO3-) while C was added as 1800 kg C ha ~ yr ~ (manure). Increases 
after 10 day incubations are indicated by (+), decreases indicated by (-). From 
Schnurer et al. (1985). 
Land use Nitrate (µg/g dry soil) Ammonium (µg/g dry soil) Net Mineralization 
Fallow -0.3 +0.7 0.4 
Crop +0.4 +0.6 1.0 
Crop + N +0.6 +0.2 0.8 
Crop + C +0.2 +0.1 0.3 
maple had greater biomass than soils under mixed communities of sugar and red maple or 
maples, birch and aspen. 
A study of pasture lands by Bardgett et al. (1997) found that SMB and activity in the 
upper 15 cm of soil was greater in plots grazed by sheep than in plots left ungrazed. This 
was attributed to sheep excrement and to the difference in quantity and quality of root 
exudates. 
Similar trends have been found for nitrogen conversions. While total N was greater 
under prairie, NO3"-N and total inorganic N were greater under cultiv~, ~~~~~ (DeLuca and 
Keeny, 1993). Their NH4+:NO3" ratio was ten times greater under prairie than under crop. 
Maly et al. (2000) found that net N mineralization was greater in cropland than in land 
abandoned and colonized with grasses, either naturally or sown. In addition, a greater 
percentage of the soil N was NO3" in the cropland than in the grasslands. 
Schnurer et al. (1985) measured changes in NH4+ and NO3" concentrations in cropped 
and fallow soils after 10 days of incubation. Fallow soils and cropland soils with manure 
added had low net mineralization. Fallow soils had the greatest rate of ammonification, but 
also showed net immobilization of NO3" (Table 3). 
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It is unreasonable to suggest that, because agricultural land uses lead to increased 
problems with N pollution relative to other land uses, agriculture should be eliminated from a 
watershed. Instead, many scientists and land use planners suggest the implementation of 
alternative management and land use practices. Within the riparian zone, these practices 
generally consist of grass filters and/or riparian forest buffers. 
Riparian buffers have been shown to remove NO3- _effectively (Cooper, 1990; Schultz 
et al., 1995; Lee et al., 2000, Simpkins et al. 2002). In a study of buffer effectiveness under 
simulated rainfall, Lee et al. (2000) found that multi-species riparian buffers trap soil eroded 
from adjacent cropland and prevent much of the dissolved N in the surface runoff from 
reaching the stream. The. grass portion of the buffer, adjacent to the crop field, slowed water 
movement, allowing soil deposition. The addition of a woody component to the buffer 
promoted an additional area of greater infiltration, thereby allowing the removal of more 
NO3- and other N compounds. Other research has shown that riparian buffers are effective at 
removing both NO3- and the pesticide, atrazine, within three years of buffer installation on 
previously cropped or grazed land (Schultz et al., 1995; Simpkins et al., 2002). 
Microbial Biomass Carbon Procedures 
According to Visser and Parkinson (1992), three levels of microbial study are 
possible: population, community, and ecosystem. Population level studies focus on the 
condition of a specific species or genus that maybe susceptible to changes in environmental 
conditions. Studies of microbial communities provide an index of the diversity and richness 
of species in a given location. 
Microbial studies at the ecosystem level provide information on overall soil quality 
and on the condition of soil organic matter and nutrients (Visser and Parkinson, 1992). Soil 
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microbes are very important in the decomposition of a variety of organic materials and in the 
cycling of nutrients, particularly N. Because microbial biomass gives an estimate of the size 
of the microbial community, and because microbial C and N are primarily in labile forms 
with a high turnover rate, SMB also provides an estimate of the amount of nutrients available 
in the soil and the rate at which they cycle (Moore et al., 2000). 
Several methods have been developed for the study of soil microbial biomass carbon. 
These include substrate-induced respiration, fumigation-incubation, and fumigation-
extraction. Insam (2001) compared the strengths and weaknesses of each of these methods 
and found that fumigation-extraction is reproducible and rapid, but requires rather expensive 
equipment. The use of automatic LJV methods (including the Phoenix 8000; Tekmar- 
Dohrmann, Cincinnati) to analyze organic carbon samples generated by fumigation-
extraction allows quick and reliable measurements of microbial biomass carbon (Wu et al., 
1990). For these reasons and because of equipment availability, the chloroform fumigation-
extraction method was selected for this study. 
For the fumigation-extraction method, Joergensen (1995) reports that high 
concentrations of potassium are required in order to flocculate the soil and prevent 
decomposition of the extracted material. However, some authors suggest that the use of 
O.SM K2SO4 in the chloroform fumigation-extraction procedure might cause the control to 
have greater free-carbon values by causing the lysis of living cells (Bruulsema and Duxbury, 
1996). Considering the general acceptance of this method by a large number of authors 
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LAND-USE EFFECTS ON SOIL MICROBIAL BIOMASS IN THE RIPARIAN ZONE 
A paper to be submitted to Soil Biology &Biochemistry. 
Danelle Haake, Richard Schultz, Thomas Isenhart, Thomas Loynachan 
Abstract 
Soil microbial biomass is one of many indicators of soil quality. It is particularly 
useful for determinations of the status of organic carbon supplies and soil aggregation. 
Within the riparian zone, soil microbes may decrease the excessive nutrient loading of water 
held in the unsaturated zone and in groundwater. This study examined the differences in 
riparian soil microbial biomass (SMB) carbon under forest, pasture and crop along three 
Missouri streams over atwo-year period. SMB was determined on soil samples of up to 110 
cm in depth using the chloroform fumigation-extraction method. In surface soil (0-15 cm), 
crop fields had significantly less biomass carbon than both forest and pasture, which were 
indisting:~ishable. SMB carbon was at its lowest during the summer, most likely due to a 
combination of climatic variables. SMB also varied by watershed, based largely on soil-type 
variations. 
Keywords: Soil quality; Fumigation-extraction; Soil microbes; Riparian soil 
Introduction 
Soil microbes perform a variety of functions including assisting in the formation of 
soil aggregates, aiding nutrient transformations and bioremediation of soil contamination, as 
well as serving as an important link in the food chain. Soil microbial biomass (SMB) has 
been suggested as an indicator of soil quality for several reasons (Rice et al., 1996). With a 
turnover time of less than 1 year, changes in SMB can be a sensitive indicator of recent 
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changes in the soil ecosystem. These changes can range from chemical characteristics, such 
as pH and nutrient content, to physical changes in soil aggregation, temperature, and water 
content. However, the SMB is also considered very valuable for rapidly determining the 
effects of land management changes on soil organic matter content (Doran and Parkin, 1996; 
Elliott et al., 1996). 
Microorganisms, particularly bacteria and fungi, are important to the formation of soil 
aggregates. Bacterial secretions and fungal hyphae help bind soil particles into macro-
aggregates that are then further bound together to form macroaggregates (Guggenberger et 
al., 1999; Marquez et al., 1999}. Denef et al. (2001) found that fungal hyphae are vital to the 
formation ofwater-stable macroaggregates. Microorganisms and their excretions are also 
strongly correlated with aggregate stability (Gupta and Germida, 1988; Jastrow et al., 1998). 
Hydrophobic organic molecules from soil microbes help to enhance the stability of 
aggregates by reducing the wettability of the aggregate, thereby making it more resistant to 
disruption by water (Guggenberger et al., 1999; Chenu and Stotzky, 2002). 
SMB is highly variable in both space and time. In space, it varies at two basic levels: 
field-scale and micro-scale. Field-scale variations in soil can influence texture, aggregation, 
pH, and residence times for various nutrients (Hartel, 1999). Climate and topography 
influence the weathering of the soil, soil temperature, and soil moisture content (Rice et al., 
1996; Moore et al., 2000). Vegetation influences soil texture, the amount of exposed soil, 
organic matter content, nutrient availability, and moisture. 
On the micro scale, differences in available moisture, aggregation, organic matter 
content, nutrient availability, and soil pore size influence SMB (Rice et al., 1996; Chenu and 
Stotzky, 2002). There are large variations in pore sizes, the locations of possible microbial 
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growth (Chenu and Stotzky, 2002). While large portions of the soil may lack sufficient 
substrate for microbial growth, organic matter and nutrients are often readily available in the 
rhizosphere (Bolton et al., 1993; Bundt et al., 2001). 
Due to the variability of temperature and moisture regimes, SMB may also show a 
significant variation over time, both seasonally and annually (Wagner and Wolf, 1999). 
However, in several cases, seasonal and annual variations were inconsistent and the cause of 
the variability cannot be discerned (Lynch and Panting, 1980; Bardgett et al., 1997). 
Riparian soils are particularly variable due to their proximity to the waterways. 
Streams leave alluvial deposits that vary widely with regard to composition (Paul and Clark, 
1989). While some of the soil horizons maybe sandy, other horizons may contain great 
amounts of silt or clay. In addition, riparian soils are more closely associated with the water 
table than the surrounding watershed. The vertical distance to groundwater and the soil 
water content in surface and : year-surface soils may vary widely over short horizontal 
distances from. the stream and through time (Groffman et al., 1992). 
Multi-species riparian buffers composed of trees, shrubs, and/or grasses filter out 
chemicals, particularly nitrate (NO3-), and particulates from surface and shallow groundwater 
before they reach the stream (Schultz et al., 1995; Marquez et al., 1999; Lee et al., 2000; 
Groffman et al., 2001; Simpkins et al., 2002). Disturbances of the soil and its structure, such 
as is found in many agricultural land uses, can affect microbial function and decrease the 
ability of the microbes to transform NO3- into gaseous nitrogen (Young and Ritz, 2000). 
Removal of NO3- depends largely on the ability of surface water to enter the soil system, a 
trait linked with higher quality, undisturbed soil (Lee et al., 2000). 
18 
Land management has a strong influence on the soil microbial community, 
particularly in surface and near-surface soils. For example, soil tillage breaks apart 
aggregates and roots, releasing labile carbon and stimulating immediate short-term microbial 
growth (Paul and Clark, 1989). However, over the mid- to long-term, SMB declines due to a 
reduction in organic matter inputs in cultivated soil (Saggar et al., 2001). Bardgett et al. 
(1997) determined that pastures have greater microbial biomass while they are grazed than 
after they are converted to ungrazed prairie because of the added available carbon from 
livestock excrement and root exudates during grazing. In savanna-woodlands of Zimbabwe, 
Kirchmann and Eklund (1994) found that SMB was greatest near trees, lower in grass-
covered areas, and lowest in adjacent crop fields. Biomass was correlated with differences in 
soil moisture and soil organic carbon content, which were related to vegetation density. 
This study compared levels of SMB carbon in northeastern Missouri riparian areas 
under forest, pasture, and row crop over t<.:~o growing seasons. The objective was to examine 
the effect of riparian land use on microbial populations and to determine the ability of 
,~ 
riparian buffers to improve soil quality and, thereby, water quality. 
Methods 
Sample Collection 
Samples were collected in the spring, summer and fall of 2000 and 2001 within the 
riparian zones of Crooked Creek, Long Branch Creek, and Otter Creek. These streams are 
part of the Mark Twain Reservoir watershed in northeastern Missouri (Monroe County), 
USA (38.485N, 92.137W). Soils under mixed-hardwood forest, pasture and row crop (corn 
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Table 1. (A) Soil mapping units at the nine field sites (Soil Conservation Service, 
1979). (B) Particle size analysis of soil (%) in the 0-15 cm depth. 
A 




Moniteau silt loam 
(Typic Ochraqualfs) 
Moniteau silt loam 
(Typic Ochraqualfs) 
Moniteau silt loam 
(Typic Ochraqualfs) 
Moniteau silt loam 
(Typic Ochraqualfs) 
Piopolis silty clay loam 
(Typic Fluvaquents) 
Blackoar silt loam 
(Fluvaquentic Haplaquolls) 
Gifford silt loam 
(Vertic Ochraqualfs) 
Arbela silt loam 
(Argiaquic Argialbolls) 
Arbela silt loam 
(Argiaquic Argialbolls) 
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and soybean) were sampled in each watershed. All locations have been in their current 
practices for 30 years or more. ~ ~i~ types are listed in Table 1. 
Soil cores of 6 cm diameter were collected to a depth of 110 cm. Within each 
treatment in each sampling period, six cores were taken in two transects parallel to the stream 
(Figure 1). Metal coring tubes containing plastic zero-contamination liners were pounded 
into the ground using agasoline-powered j ackhammer and extracted with a tall truck j ack. 
Cores were capped and stored at 4°C until analyzed. Each core was divided into 5 depths: 
0-15 cm, 15-35 cm, 35-60 cm, 60-85 cm and 85-110 cm. Each of these field-moist 







0 0 0 
Figure 1. Field layout of sample collection. The first transect of samples is 
approximately 10 meters from the stream with the second transect 25 
meters from the first. Distance between samples along each transect is 
approximately 50 meters. 
Approximately 25 g of soil from each subsample was dried at 105°C. Antecedent soil 
moisture was calculated as: change in mass /dry soil mass. 
Soil Microbial Biomass Carbon 
Soil microbial biomass carbon was determined using the chloroform fumigation- 
extraction method (Vance et al., 19R~). Two 50 g samples of wet sieved soil were taken 
from each of the 5 depths from each core. The f1r~t. ~. control, was placed in a 250 ml HDPE 
(high-density polyethylene) bottle. The second, a fumigate sample, was placed in a 125 ml 
glass jar without a lid. 
The control was extracted immediately using 100 ml of 0.5 M potassium sulfate 
(KZSO4). The soil solution was shaken for 30 minutes and allowed to settle another 30 
minutes before it was filtered through Whatman No. 41 filter paper to remove soil particles. 
The extracts were acidified with phosphoric acid and frozen until analyzed for dissolved 
organic carbon (DOC) by the UV-persulfate method with a Phoenix 8000 autoanalyzer 
(Tekmar-Dohrmann, Cincinnati). 
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The fumigate sample was incubated at room temperature in an evacuated desiccator 
containing ethanol-free chloroform. After 18-22 hours, the fumigated soil was transferred to 
a 250 ml HDPE bottle and extracted as described above. 
The amount of DOC in the control and fumigate samples were converted into 
microbial biomass carbon (mg C kg 1 dry soil) using the following formulae: 
ml soil water = g soil water = g moist soil sample *soil moisture fraction 
g dry soil = g moist soil sample * [ 1 —soil moisture fraction] 
ml solution = ml soil water + 100 ml KZSO4
Total Carbon (TC) = mg C kg"~ dry soil= [mg C / L solution] * [ml solution / g dry soil] 
mg microbial biomass C kg"t dry soil (SMB) _ [TC (fumigate) — TC (control)] / 0.42 
The correction factor (0.42) was used to determine microbial carbon as a portion of total 
carbon and to account for the efficiency of cell lysis by chloroform fumigation and of carbon 
extraction from soil by KZSO4 (Joergensen, 1996). 
Microbial biomass was also calculated on aper-hectare basis using bulk density data: 
kg C ha ~ cm"' = mg C kg"1 dry soil *bulk density (g cm"3) * 0.10 




Land use had a significant effect (P=0.032) on SMB in the upper 110 cm of the soil 
profile. Pasture and forest soils had the greatest amount of SMB, while crop field soils held 
the least (Table 2). Pasture soils contained approximately 30%more SMB than crop field 
soils. 
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Averaged over all watersheds and sampling periods, surface crop soils (0-15 cm) 
contained significantly less SMB than surface soils under either forest or pasture (P<O.OS). 
In the 0-15 cm depth, soil from pasture and forest soils, respectively, contained 3 5 % and 
28%more SMB than was found in the crop field soils. As seen in Figure 2, forest and 
pasture were nearly indistinguishable from each other across all sampling periods (P>0.95). 
When averaged over the two years, the pastures were significantly different from the crop 
fields in both the spring and summer (P<0.10), but not in the fall. 
As with the measurements of mg C kg-1 dry soil, when determined on aper-hectare 
basis (kg C ha 1 cm-1), the pasture soils had more SMB than the crop field soils and the forest 
soils were not significantly different from crop when averaged across all watersheds. 
However, forest soils contained significantly less biomass per hectare than pastures (P<O.05; 
Table 3). 
Table 2. SMB (mg C kg t dry soil) in the upper 110 cm of riparian soil during each 
sampling period. Values are averaged across three NE 1VT~.;;,ari streams. Values 
within a column with different letters are significantly different (P<0.05). 
Spring `00 Summer `00 Fall `00 Spring `Ol Summer `Ol Fall `0l Average 
Pasture 290 ~ 290 e 290 b 3 80 b 3 30 b 310 b 310 
Forest 290 b 220ab 270ab 360 b 260ab 270ab 280 
Crop 220 a 200 a 230 a 250 a 210 a 240 a 230 
Average 260 240 260 330 270 270 
Table 3. SMB (kg C ha"' cm's ) in soil under three riparian land uses. Values are shown 
for surface soil (0-15 cm) along three NE Missouri streams. Values within an
average grouping with different letters are significantly different (P<0.05). 
Crop Forest Pasture Average 
Crooked Creek 3 8 63 ~ 72 5 8a
Long Branch 71 65 96 77b
Otter Creek 54 75 81 69ab
Average 54a 66a 83b 
23 
Temporal and Spatial Variability 
Both season and year showed significant influence over the SMB. SMB was lowest 
in the summer and was generally higher in the spring than in the fall. Overall, SMB was 
greater in 2001 than in 2000. This is particularly evident in the spring sampling (Table 2). 
There was a very significant effect of depth (P<0.001), with most of the biomass in 
the upper layers of soil. When averaging all soil samples for a given depth, the upper 15 cm 
of soil contained nearly 4 times more SMB than was found in the deepest 25 cm (85-110 cm) 
(Figures 3 and 4; Table 4). In most cases, SO-75% of the total SMB at a site was found in 
the top 3 5 cm of soil. However, in the summer and fall of 2000, the upper 3 5 cm of the Otter 
Creek and Crooked Creek crop soils held less than 50% of the SMB. In addition, during the 
spring of 2001, Otter Creek forest and Long Branch pasture both held more than 75% of the 
biomass in the upper 3 5 cm. 
Table 4. SMB (kg C ha t cm"') by depth in riparian soil under each land use. Values are 
averaged across three NE Missouri streams. Values within a column with 
different letters are significantly different (P<0.05). The only significant 
differences between land uses are in the 0-15 cm depth and are shown in Table 3. 
The SMB as kg C ha"~ 110 cm 1 is shown in the `Total' row. 
Depth (cm) Crop Forest Pasture Average 
0-15 54a 66a 83a 68 
15-35 35b 49 b 49 b 44 
35-60 26 b 23~ 31 ~ 27 
60-85 25 b 19~ 24~ 23 
85-110 21 b 15 ~ 22 ~ 19 




























— -~ — Crop 
--~--Forest 
- - ~ - -Pasture 
Spring '00 Summer '00 Fall '00 Spring '01 Summer '01 Fall '01 
Figure 2. Average SMB (mg C kg ~ dry soil) in riparian surface soil (0-15 cm) along 
three streams in NE Missouri during six sampling periods. Error bars show 
standard error. 
~ 40 
a. a~ 0 
80 
120 
Microbial Biomass (mg C kg~~ soil) 
0 100 200 300 400 500 600 
— -~ — Crop 
Forest 
--~--Pasture 








Microbial Biomass (mg C kg-~ dry soil) 
0 100 200 300 400 500 600 700 
t 
L 
— .~ — Crooked Creek 
Long Branch 
- - .,~ - -Otter Creek 
Figure 4. Average SMB (mg C kg ~ dry soil) by depth in riparian soil along three 
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Figure S . An example of SMB (mg C kg-1 dry soil) compared with soil moisture. In 
this example, each data point represents a single surface soil sample 
collected from a crop field. All streams, seasons, years, and cores are 
represented. R2 values for each stream location are listed in the legend. 
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Differences among the three streams were most visible in the surface (0-15 cm) depth 
(Figure 4). At this depth, Long Branch and Otter Creek both had nearly 600 mg C kg-' dry 
soil while Crooked Creek had only 425 mg C kg-1 dry soil. Because Crooked Creek had 
much more sand content than the other two creeks as well as high variability between 
treatment sites, data for Otter and Long Branch Creeks were analyzed without that of 
Crooked Creek. 
Statistical analysis showed that the effects of land use were not diminished with the 
removal of Crooked Creek (P = 0.0005). In fact, when Crooked Creek data were excluded, 
each of the three land uses was significantly different from the others with pasture > forest > 
crop. The effects of year, season, and depth were also still significant with the removal of 
Crooked Creek: data (P = 0.03 8, P = 0.034, P < 0.0001). 
Soil Moisture 
Soil moisture was significantly influenced by the date of sampling as well as by the 
soil depth. There was no indication of a significant difference of soil moisture based on land 
use and only a small difference based on the watershed (P = 0.078). 
When comparing SMB to soil moisture, there seem to be no significant differences. 
When se aratin the sam les into sets for each depth/land use combination, R2 < 0.30 for all P g p 
sets. When also splitting them by watershed, R2 <0.20 with only a few exceptions, four at 
forest locations in the upper 60 cm of soil (R2 = 0.41, 0.34, 0.21, 0.23) and one in a crop field 




This study focused primarily on the effect of land use on the amount of SMB carbon 
in riparian soils. When results from all three watersheds were averaged, the amount of SMB 
in the top 15 cm of soil followed the pattern pasture =forest > crop. 
The crop soils contained by far the lowest SMB. Several other authors have also 
found that cultivated soils have lower SMB than soils under forest or pasture (Gupta and 
Germida, 1988; Kirchmann and Eklund, 1994; Saggar et al., 2001). Saggar et al. (2001) 
showed in New Zealand that soils under maize for 16 years and unknown crops for 34 years, 
respectively, had 70 and 83% less SMB than the pasture. Their results were strongly 
correlated with changes in organic carbon. 
Before this study, we had also hypothesized that forest would have greater SMB than 
pasture. However, SMB in pasture soils did not differ significantly from that in forest soils 
when looking at all three watersheds. Griffiths et al. (1997) found that active bacterial 
biomass was not significantly different in a forest and a grazed riparian zone in the Pacific 
Northwest except in the summer when the forest had greater biomass. Active fungal biomass 
under forest and pasture was the same during the spring and summer but greater in the 
pastures than in the forests during the fall and winter. In fact, with the exception of the active 
bacterial biomass during the summer, the pastures consistently had higher levels of active 
fungal and bacterial biomass, although the differences were not always significant. Looking 
at the reported levels of total bacterial and total fungal biomass, no significant effects of land 
use were reported. However, in each case, the forests showed greater amounts of total 
biomass than the pastures. Soil respiration rates were found to be significantly greater under 
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forest than under pasture. This trait may be associated with higher amounts of organic 
carbon and nitrogen under forest than under pasture (Griffiths et al., 1997). 
Our results are similar to those of the study described above in the determination that 
the differences in soil microbial characteristics under forest and pasture with the same soil 
type tend to be non-significant. The trend that SMB is consistently greater under pasture in 
the Missouri soils of this study seems to agree with the trend for the active fungal and 
bacterial biomass in the Pacific Northwest. Based upon the other results of their study, 
Griffiths et a1. (1997) concluded by suggesting that riparian forests may retain more nutrients 
than riparian pastures. 
Looking at the cattle stocking rates, it seems that the pastures in this study were not 
being grazed excessively. This may contribute to the amount of SMB in the pastures. Rates 
of 1.5, 1.6 and 2.4 metric acres per cow at Otter Creek, Long Branch Creek and Crooked 
Creek, respectively, are acceptable densities for this region (James Russell, personal 
communication). Looking at the metric acres of pasture per cow per month grazed, rates 
were 0.25 at Otter Creek, 0.53 at Long Branch and 0.78 at Crooked Creek. Bardgett et al. 
(1997) found that SMB and microbial activity were higher in soils with low grazing pressure 
than in soil with high grazing pressure. They also found that when sheep were removed from 
pastures, the SMB declined due to the change in substrate availability in the forms of 
excrement and root exudates. 
Temparal and Spatial variability 
Seasonal differences in microbial biomass are common throughout the literature 
(Bardgett et al., 1997; Griffiths et al., 1997; Groffman et al., 2001), although the differences 
do not always follow the same pattern. In their study conducted in North Wales, Bardgett et 
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al. (1997) found a summer SMB peak, as did Groffmann et al. (2001) in tropical forests. 
Studies by Griffiths et al. (1997), conducted in the Pacific Northwest, and Bruulsema and 
Duxbury (1996), in New York, found that biomass was lowest during the summer. The 
seasonal effects are likely related to the nuances of the local climate. In this case, the 
relatively hot, dry conditions characteristic of temperate summers are probably responsible 
for the lower levels of SMB. 
Microorganisms tend to be more common in silty or silty clay soils than in sandy soil 
and tend to decrease in number as depth increases (Paul and Clark, 1989). Our results agree 
with this assessment. The Crooked Creek soils were more sandy than the soils of the other 
two streams and contained far less microbial biomass. As a result, when only the Otter and 
Long Branch Creek data were analyzed, each land use treatment was significantly different 
from the others. This suggests that the high sand content of Crooked Creek soils either 
masked the difference between pasture and forest soils or decreased the grazing capacity of 
the soil. 
It is also apparent that as depth increased, SMB decreased. This is a common 
phenomenon that is linked to decreased availability of soil organic matter (Schnurer et al., 
1985; Groffman et al., 1992; Taylor et al., 2002). 
Soil Moisture 
One of the factors known to sometimes control the amount of SMB is soil moisture. 
However, in this study, there was little indication that soil moisture was a dominant limiting 
factor (Figure 5). Although soil moisture is often a limiting factor for microbial growth, it 
did not appear to exhibit direct control over the SMB in this study. Although somewhat 
unexpected, particularly during the drier summer sampling, this result is not completely 
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surprising. Sail moisture is known to be one of several limiting factors to microbial 
communities (Rice et al., 1996; Bardgett et al., 1997). At the riparian sites discussed in this 
paper, it seems that some other factor is exhibiting a stronger limiting influence on the SMB. 
Soil maisture at the time of sampling may not be as important as overall rainfall for a 
season. In this study, the highest levels of SMB were found in the spring of 2001. This may 
be related to the high amount of precipitation early in 2001 compared to the beginning of 
2000 (based on data from the NOAA, National Climatic Data Center for Shelbina, Missouri). 
Conclusions 
Riparian forest buffers and riparian pastures both maintain a larger microbial biomass 
than riparian crop fields. This suggests that crop soils are of a lower overall quality and that 
these soils will be unlikely to process excess nutrients before they reach the waterway. 
Soil texture plays a role in the importance of land use practices on SMB. This maybe 
particularly true of p~~stures. In this study, a pasture with relatively sandy soil and low 
grazing density had SMB levels that were indistinguishable from the adjacent forest soil 
while pastures with less sand and slightly higher grazing density had signi~ cantly higher 
SMB than the adjacent forests. 
Soil microbial biomass may be a good indicator of surface soil health and thereby the 
ability of the surface soil to retain water and transform nutrients. However, below 3 5 cm, the 
amount of microbial biomass varies based on land use. 
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1VIINERALILATION AND IMMOBILIZATION OF INORGANIC NITROGEN IN NORTHEAST 
MISSOURI RIPARIAN ZONES 
A paper to be submitted to Soil Biology &Biochemistry. 
Danelle Haake, Richard Schultz, Thomas Isenhart, Thomas Loynachan 
Abstract 
This study examined the levels of inorganic nitrogen and rates of nitrogen 
mineralization in riparian soils under three land use practices : row-crop agriculture, cattle 
pasture, and hardwood forest. Results indicate that general land use may not have much 
influence on mineralization rates. But, the addition of carbon and nitrogen to these soils does 
influence mineralization rates. In surface soils (0-15 cm), the addition of labile carbon 
caused the immobilization of nearly all soil nitrate while ammonium levels remained 
unchanged. Carbon addition to deeper soil (15-85 cm) caused the mineralization of 
ammonium whale nitrate levels did not change. At all depths., the addition of ammonium 
caused a conversion of ammonium to nitrate. 
Keywords: Riparian soil; N mineralization; Soil N; Incubation 
Introduction 
The inorganic, or mineralized, forms of nitrogen (N) found in soil are nitrate (NO3"), 
nitrite (NO2-), and ammonium (~~TH4+) ions. Nitrate, a soluble ion, is a very common non-
point-source surface-water pollutant. Ammonium is a much more labile form of nitrogen 
which binds tightly to the soil, preventing it from reaching the waterways in large 
concentrations. Nitrite is found only in small quantities in the soil and is a chemical 
intermediate between NO3- and NH4+ in most reactions. 
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Soil microbes mediate the transformation of N among its various chemical forms. 
Rates of mineralization and immobilization by microorganisms are influenced by a number 
of factors. The amount of N mineralized varies with temperature and soil matric potential 
(Zak et al., 1999). Rates of microbial growth and immobilization of N are also influenced by 
competition with vegetation. Jingguo and Bakken (1997) found that microbial growth was 
significantly lower in soil samples with barley than in soil samples without plants. This was 
linked to competition for available N, since energy sources were available from the plants. 
The rate of N immobilization was greater in soils with plants than in soils without. 
Agricultural management practices can also influence mineralization rates. while 
citing rates of N mineralization that ranged from 7.7 to 17.0 µg g-1 dry soil wk-1 from other 
sources, a study by wienhold and Halvorson (1999) found rates between 2.3 and 22.9 µg g-' 
dry soil wk-1. Differences were attributed to application of fertilizer, cropping intensity, and 
tillage. For example, they found that N mineralization increased as tillage intensity 
decreased, likely due to decreases in microbial consumption. Mineralization was generally 
greater in fallow fields than under spring wheat and increased as fertilization decreased. 
The amount of N found in each of the chemical forms is highly variable in time and 
space. In an N mineralization/immobilization study using 1 SN-labelled NO3-, Zagal and 
Persson (1994) found that all or nearly all NO3- (added at four rates) was immobilized by day 
three. It was then gradually remineralized at a rate proportional to the amount of NO3- added. 
A study involving N immobilization in forest soils due to additions of organic carbon showed 
net immobilization after one week with additions of labile forms of carbon (Magill and Aber, 
2000). Five weeks after adding the organic carbon, there was net mineralization in all 
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samples compared to initial soil concentrations, but the amount of mineralization in soils 
with added labile carbon (glucose) was lower than in soils with no carbon addition or in soils 
with recalcitrant carbon additions (leaf leachate, humic acid). The amount of immobilization 
increased in proportion to the C:N of the added carbon. This suggests that studies using only 
long-term measurements (> 1 week) will show a comparatively lower net mineralization of 
N, rather than net immobilization. 
Recous et al. (1990) showed that little N is immobilized in agricultural soil without 
the addition of a carbon source. They also found that NH4+ is immobilized preferentially 
over NO3-. They offered three hypotheses for this finding: (1) few microorganisms are 
capable of using NO3~, (2) NO3- uptake is restricted when ammonia is also present, or (3) the 
reduction of NO3- as a preparation for uptake takes energy so that, for a given amount of 
carbon (energy), less NO3"-N can be immobilized. 
The use of ripaxian buffers to reduce the amount of N reaching waterwa;~s has been 
examined in several studies (Schultz et al., 1995; Lee et al., 2000; Simpkins et al., 2002). In 
a comparison of forested and grazed riparian zone soils, Griffiths et al. (1997) noted that soil 
NO3- and NH4+ fluctuated seasonally. In the forest, NO3- peaked during the summer with 
lower levels during the rest of the year while NH4+ showed the opposite trend. However, 
under pasture, NH4+ and NO3- concentrations both peaked in the summer. They concluded 
that, in the riparian zone, forest soils are better at holding nutrients than pastures. 
Ettema et al. (1999) found that in near-stream riparian areas, where soil moisture was 
consistently high, denitrification removes a large portion of the soil N. However, in the more 
distant areas of the riparian forest (5-8 m from the stream), soil moisture is much lower and 
denitrification is nearly undetectable. While denitrificationplayed asignificant role in 
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inorganic N removal in that 191-day study, net microbial immobilization of N was 
insignificant throughout the entire riparian zone. 
The current study was. designed to quantify changes in the NH4+ and NO3- pools 
under crop, forest, and pastures in northeast Missouri over atwo-week incubation period 
following soil sampling. The mineralization and immobilization rates found under the three 
land uses in this study may be useful in determining the effectiveness of riparian buffers for 
removal of mineral N from the system. 
Methods 
Sample Collection 
Soil samples were collected in the spring, summer and fall of 2000 and 2001 from the 
riparian zones of Crooked Creek, Long Branch Creek and Otter Creek. These creeks are part 
of the Mark Twain Reservoir watershed in northeastern Missouri (Monroe County; 3 R.485N, 
92.137W). Soil was collected under mixed-hardwood forest, pasture and row crop (corn or 
soybean) along each creek. All locations have been in their current practices for 30 years or 
more. See Table 1 for a description of the soils at these sites. 
Soil cores of 6 cm diameter were collected to a depth of 110 cm. Within each 
treatment in each sampling period, six cores were taken in two transects parallel to the stream 
as seen in Figure 1. Metal coring tubes containing plastic zero-contamination liners were 
pounded into the ground using agas-powered j ackhammer and pulled with a tall truck j ack. 
Cores were capped and stored at 4°C until analyzed. Each core was divided into 4 study 
depths: 0-15 cm, 15-35 cm, 35-60 cm, and 60-85 cm. Each of these subsamples (216 per 
sampling period) was passed through a 4 mm sieve to remove rocks and large roots. 
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Approximately 25 g of soil from each subsample was dried at lOSGC. Soil moisture was 
calculated as change in mass /dry soil mass. 
Table 1. (A) Soil mapping units at the nine field sites (Soil Conservation Service, 
1979). (B) Particle size analysis of soil (%) in the 0-15 cm depth. 
A 




Moniteau silt loam 
(Typic Ochraqualfs) 
Moniteau silt loam 
(Typic Ochraqualfs) 
Moniteau silt loam 
(Typic Ochraqualfs) 
Moniteau silt loam 
(Typic Ochraqualfs) 
Piopolis silty clay loam 
(Typic Fluvaquents) 
Blackoar silt loam 
(Fluvaquentic Haplaquolls) 
Gifford silt loam 
(Vertic Ochraqualfs) 
Arbela silt loam 
(Argiaquic Argialbolls) 
Arbela silt loam 
(Argiaquic Argialbolls) 
B 
















Sand Silt Clay 
13 67 20 
14 67 19 



















y 0 0 0 
Figure 1. Field layout of sample collection. The first transect of samples is 
approximately 10 meters from the stream with the second transect 25 
meters from the first. Distance between samples along each transect is 
approximately 50 meters. 
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Nitrogen Transformation 
Rates of N mineralization and immobilization were determined using two-week 
aerobic incubations following methods adapted from Azam et al. (1993) and Breland and 
Bakken (1991). Four 12 g samples (A, B, C and D) of wet sieved soil from each core depth 
were placed in 6 ounce plastic Dixie souffle cups. The cups were covered to prevent 
excessive drying while still allowing some air movement. 
Sample A, a control, was extracted with 100 m12.0 M potassium chloride (KCl) at 
the beginning of the two-week incubation period. The soil solution was stirred and allowed 
to settle for 24 hours. Using a needleless syringe, 20 to 30 ml of the supernatant solution was 
extracted and frozen until analysis. 
The first of the experimental samples (B) was treated with 2 ml of deionized water to 
prevent drying and act as a control for the nutrient limitation samples. Samples C and D 
were treated to test for nutrient limitation in the soil. Sample C was treated with 2 ml of a D- 
glucose-enriched solution (1.6 g C kg"1 soil) at the beginning of the incubation to monitor 
carbon limitation. To test for N limitation, sample D received 2 ml of an ammonium 
chloride-enriched solution (10 mg N kg't soil). Samples were incubated at room 
temperature, approximately 21°C. In addition to the initial2 ml of solution, the B, C, and D 
samples received another 2 ml of deionized water one week into the two-week incubation. 
When the two weeks were over, the three incubated sets were extracted using the same 
method as the control sample described above. 
Liquid extracts were analyzed for concentrations of NO3- and NH4+. Nitrate was 
measured using a Lambda 12 spectrophotometer (Perkin Elmer, Norwalk). Ammonium was 
measured using the Nessler method and a DR/3000 spectrophotometer (Hach, Loveland, 
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CO). The concentrations determined with these spectrophotometers were converted into mg 
N kg 1 dry soil using the following equations: 
mg N /sample = mg N / 1000 ml KCl (ppm N from spec.) * 100 ml KCl /sample 
g dry soil sample = g moist soil sample * [1 —soil moisture fraction] 
mg N kg ~ dry soil sample = [mg N /sample] / [g dry soil sample] * 1000 g / 1 kg 
The difference between N (as mg N kg"1 dry soil sample) in the control (A) and N in the 
incubated samples (B, C, and D) gives the amount of N mineralized (positive values) or 
immobilized (negative values) over atwo-week period. 
Nitrogen levels were also calculated on aper-hectare basis using bulk density data: 
kg N ha I cm"1 = mg N kg 1 dry soil *bulk density (g cm"3) * 0.10 
Statistics 
Statistical analysis was conducted using SAS mixed model procedures (SAS Institute, 
1996). Analyses were conducted using the surface depth alone, the three deeper depths 
(without the surface), and all four depths together. Unless otherwise noted, P < 0.05 was 
used for statistical significance. 
Results 
Inorganic Nitrogen 
Levels of total inorganic N in 0-15 cm depth of soil (hereafter referred to as surface 
soil) ranged from 4.8 to 15 mg N kg 1 dry soil (Table 2). Ammonium concentrations ranged 
from 1.6 to 5.0 mg N kg ~ dry soil while for NO3-, the spread was 2.5 to 7.1 mg N kg"t dry 
soil. 
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Table 2. Total soil inorganic nitrogen, NH4+, and NO3- (mg N kg ~ dry soil) in riparian 
surface soil (0-15 cm) in northeastern Missouri. 
Total inorganic N NH4+ NO3-
Crop Forest Pasture Crop Forest Pasture Crop Forest Pasture 
Spring `00 13 6.4 4.8 3.3 1.9 2.0 2.5 -~ 4.5 2.9 
Summer `00 8.3 8.8 8.8 3.0 3.4 2.9 5.2 5.4 5.9 
Fall `00 6.5 7.4 13 2.0 2.2 2.3 -~ 4.5 5.1 5.6 
Spring ` 01 15 6.9 10 4.0 2.9 3.3 3.1 -~ 4.0 7.1 
Summer `Ol 5.9 7.6 11 2.9 2.9 5.0 3.0 4.8 5.6 
Fall `O l 5.8 S .8 ~- 6.2 1.6 2.5 2.0 4.2 3.7 4.2 
Average 9.0 7.1 9.0 2.8 2.6 2.9 3.8 4.6 5.2 
~' NH4+ + NO3" ~ Total inorganic N because values were removed as outliers for one category (ie, NH4+) 
Land use did not have a significant effect on the amount of inorganic nitrogen found 
in the soil (P>0.10). However, it is still possible that land management practices can and do 
influence this soil characteristic. In our statistical analysis, we were forced to remove several 
of the initial soil nitrate values in the Otter Creek crop field as outliers for April of both 2000 
and 2001; this field contained very high amounts of NO3- which, when left in the statistical 
analysis, increased the variance to the point that all differences became non-significant. This 
corn-planted crop field was the only location being fertilized with nitrogen -the other two 
crop fields were planted with soybeans or left fallow. 
Total inorganic N and NO3- concentrations decreased significantly with increasing 
depth (P<0.001); however, NH4+ did not (Figure 2). Soil N was influenced by the sample 
collection date, although the effects were not consistent by season or by year. The exception 
is NH4+ in surface soil where season had a significant effect (Figure 3); fall samples had 
significantly less NH4+ than spring and summer samples (P<0.08). 
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Table 3. Total soil inorganic nitrogen, NH4+, and NO3" (kg N ha ~ cm ~) in riparian 
surface soil (0-15 cm) in northeastern Missouri. 
Total Inorganic N Soll NHq+ Soll NO3







0.93 0.95 0.82 0.40 0.27 0.29 0.53 0.68 0.52 
0.86 0.70 1.39 0.33 0.31 0.80 0.52 0.39 0.58 
1.81 0.97 1.37 0.41 0.36 0.40 1.40 0.61 0.97 
Average 1.20 0.87 1.19 0.38 0.31 0.50 0.82 0.56 0.69 
The data for inorganic nitrogen in surface soil on aper-hectare basis are shown in 
Table 3. Data for other depths and treatments may be found in Appendix C. Outlying values 
for the Otter Creek crop site related to the fertilizer effect described above were not removed 
for this portion of the analysis. 
Nitrogen Following Two-Weeks Incubation 
Following the two-week soil incubation, total inorganic N concentrations tended to 
increase in surface soils and remained relatively steady in deeper soils. In deep soils, both 
NHq+ and NO3~ levels changed little while in surface soil, NO3- concentrations increased. 
Meanwhile, surface NHq+ concentrations either remained steady or dropped. 
Although land use does not exhibit a consistent effect on mineralization rates, there is 
some effect when season is considered as well (Figure 4). Nitrogen mineralization in the 
crop fields was lower in the spring than in the summer or fall (P<0.10). Under pasture, the 
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Figure 2. Initial soil inorganic N by depth under three riparian land uses 
in northeast Missouri. 
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Figure 3. Seasonal variability in NH4+ concentrations in riparian 
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Figure 4. Seasonal differences in 2-week inorganic N mineralization 
rates for three land uses in the surface 15 cm of riparian soil 
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Figure 5. Rate of N mineralization by depth in northeast Missouri. 
Negative values represent net immobilization. 
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Mineralization in the forests peaked during the summer but, overall, the rates were 
much more consistent through the seasons under forest than under the other two treatments. 
All three N measurements were significantly correlated with depth. In surface soil, 
NO3- concentrations increased by an average of 2.5 mg N wk-1 kg-' dry soil. These rates 
declined to 0.5, 0.1, and 0.0 mg N wk"1 kg-1 dry soil as the soil depth increased. Ammonium, 
on the other hand, was immobilized at all depths with the greatest amount of immobilization 
at the surface (-0.6 mg N wk-1 kg-1 dry soil) and a relatively steady rate of immobilization 
below 15 cm (-0.3— -0.2 mg N wk-1 kg-1 dry soil). Overall, this led to a net mineralization of 
N in the two upper depths and net immobilization in deeper soils (Figure 5). 
The date of sample collection had a significant effect on the nitrogen mineralization 
rate. In particular, NO3" mineralization was consistently lower in spring samples than in 
samples collected in the summer or fall (P<0.01; Figures 6B and 7B). 
Carbon and Nitrogen Limitations during Two-Week Incubation 
With one exception, land use was not a significant factor in the mineralization of N 
when carbon or nitrogen was added to the samples. Land use did have an effect on the 
mineralization rate for NH4+ in deep soils (15-85 cm) with the addition of ammonium 
chloride. In this case, crop and forest soils immobilized 1.8 and 1.6 mg N wk"1 kg"1 dry soil, 
respectively, while the pasture soils immobilized twice as much (3.4 mg N wk"1 kg"1 dry 
soll). 
The depth of the soil samples played a very important role in the rates of N 
mineralization and immobilization with C and N additions. As with much of the data, the 
differences maybe separated into that between the surface soil (0-15 cm) and the deep soil 
(15-85 cm). 
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As may be seen in Figure 6, the addition of a readily available carbon source to 
surface soil led to net immobilization of N. While NH4+ levels changed little with the 
addition of carbon, NO3- concentrations dropped to near zero. The addition of NH4+ to 
surface soil caused net mineralization of nitrogen. While the added NH4+ was immobilized 
(causing the negative values in Figure 6C), a large amount of NO3- was mineralized. 
For deep soils, carbon additions caused a net mineralization of N, largely in the form 
of NH4+, while NO3- concentrations changed very little. Additions of ammonium chloride in 
the 15-85 cm soils caused little change in the amount of inorganic N, however, the form of 
the N changed. As with the surface soil, there was net immobilization of NH4+ (seasonal 
range of 1.2 to 3.8 mg N wk-1 kg-1 dry soil) and a net mineralization of NO3- (seasonal range 
of 2.1 to 3.2 mg N wk-' kg-1 dry soil) 
Again, time of sampling had a significant effect on the nutrient limitations of the soil. 
This is especially true for the effects o_`~ ammonium chloride addition; N mineralization rates 
tended to decrease as the year progressed. This was particularly true for the mineralization of 
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Figure 6. Levels of (A) inorganic N, (B) NO3-, and (C) NH4+ found before and after 
the soil incubations (amended and not amended) in riparian soil (0-15 cm) 
in northeast Missouri. Values for the samples incubated with N are 
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Figure 7. Levels of (A) inorganic N, (B) NO3-, and (C) NH4+ found before and after 
soil incubations (amended and not amended) in deep (15-85 cm) riparian 
soil in northeast Missouri. Values for the samples incubated with N are 
adjusted to account for the added 10 mg NH4+-N kg"1 soil. 
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Discussion 
Soil Inorganic Nitrogen 
Temporal variations in soil nitrogen are common in the literature. In the mountains 
of Colorado, Stednick and Fernald (1999) found that although there were distinct differences 
in the concentrations of both NO3~ and NH4+ in the riparian zone on different sampling dates, 
neither time nor streamflow (influenced by seasonal snowmelt) played a significant role in 
the differences. In a study of tropical riparian forests, Groffinan et al. (2001) found that soil 
NO3- concentrations were greater in February than in June. They state that this occurs due to 
increased aerobic nitrification during the February dry season. 
In this study, overall NH4+ concentrations were highest in the summer with a 
significant decline in the fall. This is the opposite of what is reported in a study by Rhoades 
and Coleman (1999). Summer peaks in NH4+ concentration have been noted by Griffiths et 
al. (1997) in pasture soils; however, under forest they found lov~~er NH4+ in the summer than 
in the rest of the year. 
The literature on NO3- differences by land use is mixed. As in this study, Lowrance 
and Hubbard (2001) reported no significant differences in NO3- concentrations based on 
riparian vegetation type. However, DeLuca and Keeney (1993) found greater NO3- in crop 
fields than under prairie grasses. 
A number of studies show a decrease in inorganic soil N with increasing soil depth 
(Dodds et al., 1996; Ross et al., 1999; Lowrance and Hubbard, 2001). In a study of forested 
ri arian areas in New York, Ashby et al. (1998) found a significant decline in soil NH4+ and p 
NO3~ with depth. The NO3- decline in their study was similar in magnitude to the decline 
found in the present study. However, while their NH4+ concentrations decreased 10 fold as 
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depth increased, our concentrations were consistently near the values they reported for the 
deeper soils. 
Nitrogen Following Two-Weeks Incubation 
In this portion of our study, soil NH4+ either decreased or remained the same (Figures 
6C and 7C). In other studies of similar duration, NH4+ concentration decreased nearly to 
zero (Recous et al., 1990) or remained very low (Zagal and Person, 1994). Corre et al. 
(2002) found that NH4+ immobilization increased when soil NH4+ concentrations were low. 
Meanwhile, surface NO3- in our soils increased over the course of the incubation. 
Ross et al. (1999) found that after atwo-week aerobic incubation, there was no NO3"-N in the 
forest soil and that nearly all N was NO3~ in pasture soil. 
In their tropical riparian forest study, Groffinan et al. (2001) found low rates of 
nitrogen mineralization (-1.3-5.3 mg N kg"~ d-~) in the February dry season while finding 
high mineralization (3.0-55 mg N kg ~ d-1) during the June wet season. They :attributed these 
differences in large part to the seasonally changing activity of the soil microbial community. 
While this is similar to the pattern found in the riparian crop fields in the present study 
(Figure 4), it seems unlikely that the high activity of the microbial community in the crop 
fields is caused by seasonal moisture regimes. Haake et al. (unpublished data) showed no 
significant correlation between microbial biomass and soil moisture. In this case, surface 
mineralization is likely more closely related to fertilization regimes and plant/microbe 
relationships. 
As in our study, Ross et al. (1999) found that deeper soil horizons have lower 
mineralization rates. They also noted that the surface soil under pasture had greater 
mineralization rates than under forest; this is the opposite of what we found. The differences 
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may be due to grazing density. If the soils in the present study had lower grazing rates, there 
may have been less nitrogen cycling due to a slower cycling of root and fecal materials. 
Carbon and Nitrogen Limitations during Two-Weeks Incubation 
At all soil depths, the addition of N caused net mineralization of NO3- and net 
immobilization of NH4+. This suggests that nitrifying microorganisms in the soil are using 
NH4+ as an energy source (Myrold, 1999). In deep soils, pastures immobilized twice as 
much NH4+ as crop fields and forests (with no notable differences in NO3-) when NH4+ was 
added. This maybe related to a slightly higher C:N ratio in deep pasture soils than in crop 
and forest soils (Schultz et al., unpublished data). If soil NH4+ had been depleted in 
microsites where carbon was still readily available, the addition of NH4+ would stimulate 
microbial growth. 
Immobilization of soil inorganic N, particularly NO3-, occurred with the addition of 
labile C. This agrees with the results of Magill and Aber (2000). While the increased soil N 
immobilization was also found by Recous et al. (1990), they noted the preferential uptake of 
NH4+ instead of NO3-. The decrease in NO3- in surface soil with the addition of carbon may 
have been caused by denitrification within anaerobic microsites (Jordan et al., 1998). The 
addition of acarbon-enriched solution to the soil encouraged the creation of these microsites 
by restricting oxygen diffusion and providing substrate for the consumption of available 
oxygen. 
Conclusions 
Our results suggest that, within the riparian zone, land use is not a good predictor of 
the amount of inorganic nitrogen in the soil system or of the ability of the soil and soil 
processes to immobilize the available inorganic N. However, the nutrient-limitation 
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incubations seem to show that there is great potential for NO3- to be converted into other 
forms of N in near-surface soils when a labile carbon source is available, while in soils 
deeper than 15 cm, carbon additions have little effect on NO3- levels. By encouraging the 
growth of riparian vegetation with dense, shallow root systems, we may be able to provide 
the C necessary to allow NO3- to be immobilized before it reaches the waterways. 
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Based upon the results of the soil microbial biomass (SMB) study, it appears that land 
use exhibits a strong influence on microbial conditions. While forest and pastures have 
similar amounts of SMB, crop fields have a third to a quarter less biomass than the other land 
uses. These results are supported by a number of similar studies (Gupta and Germida, 1988; 
Kirchmann and Eklund, 1994; Saggar et al., 2001). 
Based upon this information, we can expect to have a better quality soil under forest 
and pasture than under crop. The soils under crop management will probably have fewer 
macroaggregates and thus be more prone to surface erosion (Elliott et al., 1996) and contain 
lower levels of soil organic carbon (Moore et al., 2000; Haynes, 2000). 
When the sandy soils of Crooked Creek were removed from the study, the land use 
effects became more substantial, showing that pasture > forest > crop fields. The increased 
biomass in the pastures implies that the pastures have a higher soil quality. This may be 
partly due to the relatively low grazing pressures in the sites in our study. As long as the 
cattle density does not cause other problems like soil erosion, the dense root system of the 
grass and the regular additions of readily available carbon and nutrients from fecal matter 
seem to provide a base for a very good microbial habitat. 
In addition to the strong correlation to land use, SMB was influenced by the time of 
sampling. Summer samples tended to contain lower SMB levels while spring samples had 
high biomass. Although seasonality in SMB data is a common phenomenon, the timing of 
peaks and declines in SMB levels varies widely by region (Bardgett et al., 1997; Griffiths et 
al., 1997; Groffman et al., 2001). 
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Nitrogen Mineralization/Immobilization 
Land use was largely unimportant as a factor in the amount of inorganic N contained 
in the riparian soils in this study. It also played little role in the rates of mineralization and 
immobilization during the two-week incubation. The literature on the importance of land use 
on soil inorganic N dynamics is mixed. While DeLuca and Keeney (1993) found significant 
land use effects on soil nitrogen characteristics, Lowrance and Hubbard (2001) did not. 
Depth, however, was a very important factor in the mineralization and immobilization 
of N. Nitrate levels decreased with increasing soil depth, as did N mineralization rates 
during the two-week incubation. These sorts of depth effects are documented in the literature 
(Ashby et al., 1998; Ross et al., 1999; Lowrance and Hubbard, 2001). Because the amount of 
NO3- and the rate of N mineralization both decline as soil depth increases, our attention is 
most needed in surface soil. 
Carbon and nitrogen limitation treatments showed different effects at different depths. 
In surface soils (0-1 S cm), added carbon caused net immobilization of inorganic N, primarily 
NO3-, while N was mineralized in deep soils (15-85 cm). Additions of carbon to incubated 
soil were shown to cause N immobilization by Recous et al. (1990) and Magill and Aber 
(2000). This maybe the result of denitrification at anaerobic microsites in soil aggregates 
and suggests a situation of carbon limitation in the surface soil, demonstrating that the 
addition of C to surface soils should be a priority. This may be accomplished by encouraging 
the growth of grasses, particularly cool-season grasses that have dense root systems near the 
surface. 
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Addition of N released additional inorganic N in the upper 15 cm of soil but caused 
little change in N concentrations in deeper soil. However, in all soil depths, the addition of N 
caused net mineralization of NO3- and net immobilization of NH4+. This suggests that 
nitrifying microorganisms are prevalent in the soil, using NH4+ as an energy source (Myrold, 
1999). 
Companion Studies 
The sites used in this study are part of an on-going research project. Additional work 
conducted at these locations includes studies of denitrification enzyme activity (DEA) and of 
soil aggregation. Some preliminary results of these studies follow. 
The amount of macroaggregates in the forest sites and the pastures was higher than 
was found in crop fields, a finding that supports the results of the SMB study. There were no 
significant differences among the three land uses in the amount of macroaggregates. The 
crop fields had more silt and clay than the forests and pastures. This suggests that the pasture 
and forest soils provide better infiltration and better aeration of soils (H.L. Zhang, personal 
communication), thereby allowing more effective buffer processing of N as it moves into and 
through the buffer soil. The increased macroaggregation of forest and pasture soils provides 
the opportunity for anaerobic microsites to develop. Within these microsites, microbial 
denitrification can remove NO3" from the soil water solution. 
As with aggregation and SMB, soil DEA was higher in the forests and pastures than 
in the crop fields. The differences are credited to the greater amounts of C and lower soil 
disturbance in the forest and pasture soils as well as the anoxic conditions associated with 
soil microsites found in macroaggregates (J. Nelson, personal communication). This again 
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supports the idea that the removal of crops from the riparian zone would promote conditions 
that allow NO3- removal by denitrification. 
Additional research on infiltration rates, surface runoff, and groundwater dynamics is 
either in progress or being planned for these study locations. 
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APPENDIX A. SOIL MICROBIAL BIOMASS CARBON DATA 
(Biomass data is given in mg soil microbial C kg 1 dry soil.) 
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At~ril 2000 -Crooked Creek 






(mg C / kg) 
Forest 1 0-15 0.229 321 
Forest 1 15-35 0.161 215 
Forest 1 35-60 0.117 35 
Forest 1 60-85 0.066 62 
Forest 1 85-110 0.138 290 
Forest 2 0-15 0.204 
Forest 2 15-35 0.206 376 
Forest 2 35-60 0.216 370 
Forest 2 60-85 0.154 200 
Forest 2 85-110 0.057 
Forest 3 0-15 0.163 305 
Forest 3 15-35 0.164 210 
Forest 3 35-60 0.14 86 
Forest 3 60-85 0.125 138 
Forest 3 85-110 0.159 281 
Forest 4 0-15 0.224 309 
Forest 4 15-35 0.204 296 
Forest 4 35-60 0.17 378 
Forest 4 60-85 0.146 196 
Forest 4 85-110 0.058 133 
Forest 5 0-15 0.194 316 
Forest 5 15-35 0.213 338 
Forest 5 35-60 0.215 87 --
Forest ~ ~ 60-85 0.148 285 
Forest 5 85-110 0.098 198 
Forest 6 0-15 ~ ? ~ 5 793 
Forest 6 15-35 0.223 
Forest 6 35-60 0.207 180 
Forest 6 60-85 0.191 183 
Forest 6 85-110 0.036 111 
Pasture 1 0-15 0.107 370 
Pasture 1 15-35 0.189 172 
Pasture 1 35-60 0.138 184 
Pasture 1 60-85 0.201 264 
Pasture 1 85-110 0.236 151 
Pasture 2 0-15 0.12 533 
Pasture 2 15-35 0.109 232 
Pasture 2 35-60 0.119 37 
Pasture 2 60-85 0.089 147 
Pasture 2 85-110 0.056 63 
Pasture 3 0-15 0.131 763 
Pasture 3 15-35 0.162 288 
Pasture 3 35-60 0.189 92 
Pasture 3 60-85 0.186 139 
Pasture 3 85-110 0.145 99 






(mg C / kg) 
Pasture 4 0-15 0.152 464 
Pasture 4 15-35 0.175 351 
Pasture 4 35-60 0.182 325 
Pasture 4 60-85 0.194 141 
Pasture 4 85-110 0.086 140 
Pasture 5 0-15 0.152 312 
Pasture 5 15-35 0.207 328 
Pasture 5 35-60 0.126 124 
Pasture 5 60-85 0.113 208 
Pasture 5 85-110 0.072 52 
Pasture 6 0-15 0.144 506 
Pasture 6 15-35 0.186 270 
Pasture 6 35-60 0.222 196 
Pasture 6 60-85 0.131 253 
Pasture 6 85-110 0.147 356 
Row Crop 1 0-15 0.094 193 
Row Crop 1 15 -3 5 0.122 151 
Row Crop 1 35-60 0.132 
Row Crop 1 60-85 0.135 130 
Row Crop 1 85-110 0.176 93 
Row Crop 2 0-15 0.154 181 
Row Crop 2 15-35 0.143 227 
Row Crop 2 35-60 0.146 28 
Row Crop 2 60-85 0.153 110 
Row Crop 2 85-110 0.133 75 
Row Crop 3 0-15 0.147 250 
Row Crop 3 15 -3 5 0.113 211 
Row Crop 3 35-60 0.09 47 
Row Crop 3 60-85 0.105 104 
Row Crop 3 8 5 -110 0.12 8 
Row Crop 4 0-15 0.146 3 3 3 
Row Crop 4 15 -3 5 0.147 112 
Row Crop 4 35-60 0.159 
Row Crop 4 60-85 0.181 133 
Row Crop 4 85-110 0.166 97 
Row Crop 5 0-15 0.065 291 
Row Crop 5 15 -3 5 0.149 13 8 
Row Crop 5 35-60 0.166 44 
Row Crop 5 60-85 0.149 141 
Row Crop 5 8 5 -110 0.169 
Row Crop 6 0-15 0.126 100 
Row Crop 6 15-35 0.126 
Row Crop 6 35-60 0.14 33 
Row Crop 6 60-85 0.159 120 
Row Crop 6 85-110 0.117 
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Apri12000 -Long Branch Creek 






(mg C / kg) 
Forest 1 0-15 0.289 495 
Forest 1 15-35 0.259 331 
Forest 1 35-60 0.216 59 
Forest 1 60-85 0.181 148 
Forest 1 85-110 0.174 111 
Forest 2 0-15 0.299 970 
Forest 2 15-35 0.258 368 
Forest 2 35-60 0.252 438 
Forest 2 60-85 0.199 154 
Forest 2 85-110 0.174 85 
Forest 3 0-15 0.22 453 
Forest 3 15-35 0.228 440 
Forest 3 35-60 0.245 479 
Forest 3 60-85 0.206 184 
Forest 3 85-110 0.113 150 
Forest 4 0-15 0.242 5 57 
Forest 4 15-3 5 0.23 8 431 
Forest 4 35-60 0.244 274 
Forest 4 60-85 0.217 166 
Forest 4 85-110 0.135 143 
Forest 5 0-15 0.256 649 
Forest 5 15-35 0.242 411 
Forest 5 35-60 0.275 256 
Forest 5 60-85 0. ~ i 266 
Forest 5 85-110 .0.101 101 
Forest 6 0-15 0.13 5 
Forest 6 15-35 0.233 222 
Forest 6 35-60 0.228 229 
Forest 6 60-85 0.157 141 
Forest 6 85-110 0.12 
Pasture 1 0-15 0.221 370 
Pasture 1 15-35 0.198 374 
Pasture 1 35-60 0.242 183 
Pasture 1 60-85 0.215 183 
Pasture 1 85-110 0.159 84 
Pasture 2 0-15 0.206 788 
Pasture 2 15-35 0.229 308 
Pasture 2 
r 
35-60 0.329 87 
Pasture 2 60-85 0.213 114 
.Pasture 2 85-110 0.19 66 
Pasture 3 0-15 0.218 766 
Pasture 3 15-35 0.166 144 
Pasture 3 35-60 0.182 79 
Pasture 3 60-85 0.16 160 
Pasture 3 85-110 0.086 123 






(mg C / kg) 
Pasture 4 0-15 0.254 897 
Pasture 4 15-35 0.184 261 
Pasture 4 35-60 0.262 113 
Pasture 4 60-85 0.278 5 
Pasture 4 85-110 0.253 224 
Pasture 5 0-15 0.217 510 
Pasture 5 15-35 0.202 276 
Pasture 5 35-60 0.205 377 
Pasture 5 60-85 0.18 203 
Pasture 5 85-110 0.207 204 
Pasture 6 0-15 0.268 600 
Pasture 6 15-35 0.191 356 
Pasture 6 35-60 0.186 170 
Pasture 6 60-85 0.143 183 
Pasture 6 85-110 0.104 79 
Row Crop 1 0-15 0.147 395 
Row Crop 1 15-35 0.191 208 
Row Crop 1 35-60 0.168 
Row Crop 1 60-85 0.24 127 
Row Crop 1 85-110 0.23 407 
Row Crop 2 0-15 0.191 5 5 2 
Row Crop 2 15-35 0.188 300 
Row Crop 2 35-60 0.159 208 
Row Crop 2 60-85 0.202 117 
Row Crop 2 85-110 0.201 
Row Crop 3 0-15 0.215 615 
Row Crop 3 15-35 0.18 235 
Row Crop 3 35-60 0.204 123 
Row Crop 3 60-85 0.205 239 
Row Crop 3 85-110 0.21 -7 
Row Crop 4 0-15 0.197 399 
Row Crop 4 15-35 0.2 267 
Row Crop 4 35-60 0.18 68 
Row Crop 4 60-85 0.218 197 
Row Crop 4 85-110 0.228 225 
Row Crop 5 0-15 0.208 570 
Row Crop 5 15-35 0.177 192 
Row Crop 5 35-60 0.137 
Row Crop 5 60-85 0.214 132 
Row Crop 5 85-110 0.237 
Row Crop 6 0-15 0.223 
Row Crop 6 15-35 0.194 275 
Row Crop 6 35-60 0.207 71 
Row Crop 6 60-85 0.221 267 
Row Crop 6 85-110 0.239 93 
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April 2000 -Otter Creek 






(mg C / kg) 
Forest 1 0-15 0.261 680 
Forest 1 15-35 0.246 298 
Forest 1 35-60 0.224 301 
Forest 1 60-85 0.208 189 
Forest 1 85-110 0.106 
Forest 2 0-15 0.281 611 
Forest 2 15-35 0.255 519 
Forest 2 35-60 0.226 336 
Forest 2 60-85 0.165 172 
Forest 2 85-110 0.081 19 
Forest 3 0-15 0.23 485 
Forest 3 15-35 0.259 363 
Forest 3 35-60 0.261 
Forest 3 60-85 0.185 137 
Forest 3 85-110 0.134 188 
Forest 4 0-15 0.257 794 
Forest 4 15-35 0.259 382 
Forest 4 35-60 0.231 167 
Forest 4 60-85 0.188 140 
Forest 4 85-110 0.089 128 
Forest 5 0-15 0.257 714 
Forest 5 15-35 0.259 369 
Forest 5 35-60 0.231 97 
Forest 5 60-85 0.182 _ - 88 
Forest 5 85-110 0.155 82 
Forest 6 0-15 0.248 495 
Forest 6 15-35 0.26 397 
Forest 6 35-60 0.221 86 
Forest 6 60-85 0.19 152 
Forest 6 ~ 85-110 0.099 45 
Pasture 1 0-15 0.179 621 
Pasture 1 15-35 0.191 306 
Pasture 1 35-60 0.212 
Pasture 1 60-85 0.215 246 
Pasture 1 85-110 0.197 201 
Pasture 2 0-15 0.29 802 
Pasture 2 15-35 0.194 390 
Pasture 2 35-60 0.217 542 
Pasture 2 60-85 0.151 224 
Pasture 2 85-110 0.112 -50 
Pasture 3 0-15 0.179 693 
Pasture 3 15-35 0.207 284 
Pasture 3 35-60 0.245 291 
Pasture 3 60-85 0.189 314 
Pasture 3 85-110 0.202 





(mg C / kg) 
Pasture 4 0-15 0.209 642 
Pasture 4 15-35 0.245 345 
Pasture 4 
_ 
35-60 0.274 473 
Pasture 4 60-85 0.272 166 
Pasture 4 85-110 0.252 90 
Pasture 5 0-15 0.203 550 
Pasture 5 15-35 0.216 350 
Pasture 5 35-60 0.225 
Pasture 5 60-85 0.222 267 
Pasture 5 85-110 0.116 65 
Pasture 6 0-15 0.221 571 
Pasture 6 15-35 0.226 272 
Pasture 6 35-60 0.263 265 
Pasture 6 60-85 0.26 152 
Pasture 6 85-110 0.242 240 
Row Crop 1 0-15 0.228 501 
Row Crop 1 15-35 0.249 219 
Row Crop 1 35-60 0.266 244 
Row Crop 1 60-85 0.241 272 
Row Crop 1 8 5 -110 0.18 8 
Row Crop 2 0-15 0.233 519 
Row Crop 2 15-35 0.264 344 
Row Crop 2 35-60 0.265 _. 378 
Row Crop 
_. 
2 60-85 0.243 165 
Row Crop 2 8 5 -110 0.21 111 
~~_ow Crop 3 0-15 0.239 411 
Row Crop 3 15-35 0.298 356 
Row Crop 3 35-60 0.268 231 
Row Crop 3 60-85 0.221 281 
Row Crop 3 8 5 -110 0.212 214 
Row Crop 4 0-15 0.242 300 
Row Crop 4 15-35 0.279 337 
Row Crop 4 35-60 0.249 232 
Row Crop 4 60-85 0.212 130 
Row Crop 4 85-110 0.227 184 
Row Crop 5 0-15 0.239 402 
Row Crop 5 15-35 0.28 373 
Row Crop 5 35-60 0.478 293 
Row Crop 5 60-85 0.211 216 
Row Crop 5 85-110 0.224 226 
Row Crop 6 0-15 0.222 550 
Row Crop 6 15-35 0.166 179 
Row Crop 6 35-60 0.2 147 
Row Crop 6 60-85 0.275 269 
Row Crop 6 85-110 0.203 
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July 2000 -Crooked Creek 





(mg C / kg) 
Forest 1 0-15 0.166 226 
Forest 1 15-35 0.152 
Forest 1 35-60 0.222 129 
Forest 1 60-85 0.197 
Forest 1 85-110 0.128 221 
Forest 2 0-15 0.217 465 
Forest 2 15-35 0.184 
Forest 2 35-60 0.16 247 
Forest 2 60-85 0.113 
Forest 2 85-110 0.099 178 
Forest 3 0-15 0.133 252 
Forest 3 15-35 0.146 
Forest 3 35-60 0.171 217 
Forest 3 60-85 0.111 
Forest 3 85-110 0.09 159 
Forest 4 0-15 0.245 705 
Forest 4 15-3 5 0.213 223 
Forest 4 35-60 0.146 249 
Forest 4 60-85 0.123 92 
Forest 4 85-110 0.178 191 
Forest 5 0-15 0.275 168 
Forest 5 15-35 0.227 
Forest 5 35-60 0.223 64 
Forest 5 60-85 0.217 
Forest 5 85-110 0.201 5 
Forest 6 0-15 0.309 578 
Forest 6 15-35 0.162 
Forest 6 35-60 0.124 109 
Forest 6 60-85 0.133 
Forest 6 85-110 0.146 151 
Pasture 1 0-15 0.163 323 
Pasture 1 15-35 0.131 220 
Pasture 1 35-60 0.167 192 
Pasture 1 60-85 0.207 207 
Pasture 1 85-110 0.223 87 
Pasture 2 0-15 0.141 396 
Pasture 2 15-35 0.112 
Pasture 2 35-60 0.126 54 
Pasture 2 60-85 0.106 
Pasture 2 85-110 0.055 56 
Pasture 3 0-15 0.203 625 
Pasture 3 15-35 0.177 
Pasture 3 35-60 0.15 323 
Pasture 3 60-85 0.156 
Pasture 3 85-110 0.117 149 





(mg C / kg) 
Pasture 4 0-15 0.171 304 
Pasture 4 15-35 0.158 345 
Pasture 4 35-60 0.18 140 
Pasture 4 60-85 0.134 103 
Pasture 4 85-110 0.076 129 
Pasture 5 0-15 0.151 3 63 
Pasture 5 15-35 0.202 246 
Pasture 5 35-60 0.184 375 
Pasture 5 60-85 0.186 
Pasture 5 85-110 0.134 238 
Pasture 6 0-15 0.188 571 
Pasture 6 15-35 0.164 
Pasture 6 35-60 0.175 114 
Pasture 6 60-85 0.087 
Pasture 6 85-110 0.061 60 
Row Crop 1 0-15 0.121 18 5 
Row Crop 1 15-35 0.128 55 
Row Crop 1 35-60 0.132 191 
Row Crop 1 60-85 0.163 
Row Crop 1 85-110 0.176 226 
Row Crop 2 0-15 0.119 121 
Row Crop 2 15 -3 5 0.11 
Row Crop 2 35-60 0.128 ~ 66 _~ 
~'_:~w Crop 2 60-85 
.. 
0.121 121 
Row Crop 2 85-110 0.119 20 
Row Crop ~ ~ 0-15 0.09 186 
Row Crop 
~~ 
3 15-35 0.101 172 
Row Crop 3 35-60 0.087 17 
Row Crop 3 60-85 .0.152 182 
Row Crop 3 85-110 0.173 153 
Row Crop 4 0-15 0.098 161 
Row Crop 4 15-35 0.103 211 
Row Crop 4 35-60 0.108 25 
Row Crop 4 60-85 0.157 66 
Row Crop 4 8 5 -110 0.18 5 62 
Row Crop 5 0-15 0.07 180 
Row Crop 5 15-35 0.077 16 
Row Crop 5 35-60 0.108 182 
Row Crop 5 60-85 0.171 26 
Row Crop 5 8 5 -110 0.16 8 69 
Row Crop 6 0-15 0.109 120 
Row Crop 6 15-35 0.107 83 
Row Crop 6 35-60 0.131 39 
Row Crop 6 60-85 0.121 60 
Row Crop 6 85-110 0.117 183 
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(mg C / kg) 
Forest 1 0-15 0.147 652 
Forest 1 15-35 0.109 251 
Forest 1 35-60 0.091 88 
Forest 1 60-85 0.12 126 
Forest 1 85-110 0.126 195 
Forest 2 0-15 0.21 337 
Forest 2 15-35 0.203 302 
Forest 2 35-60 0.162 
Forest 2 60-85 0.13 8 
Forest 2 85-110 0.122 
Forest 3 0-15 0.179 370 
Forest 3 15-35 0.129 258 
Forest 3 35-60 0.107 126 
Forest 3 60-85 0.114 43 
Forest 3 85-110 0.109 150 
Forest 4 0-15 0.154 370 
Forest 4 15-35 0.148 
Forest 4 35-60 0.161 78 
Forest 4 60-85 0.086 
Forest 4 85-110 0.078 59 
Forest 5 0-15 0.179 25 8 
Forest 5 15-35 0.181 
Forest 5 35-60 0.195 66 
Forest 5 60-85 0.157 
Forest 5 85-110 0.126 
Forest 6 0-15 0.246 63 8 
Forest 6 15-35 0.152 
Forest 6 35-60 0.175 92 
Forest 6 60-85 0.147 
Forest 6 85-110 0.142 75 
Pasture 1 0-15 0.152 341 
Pasture 1 15-35 0.171 319 
Pasture 1 35-60 0.101 191 
Pasture 1 60-85 0.123 102 
Pasture 1 85-110 0.164 33 
Pasture 2 0-15 0.168 900 
Pasture 2 15-35 0.205 
Pasture 2 35-60 0.309 413 
Pasture 2 60-85 0.19 92 
Pasture 2 85-110 0.177 33 
Pasture 3 0-15 0.152 299 
Pasture 3 15-35 0.187 
Pasture 3 35-60 0.194 211 
Pasture 3 60-85 0.099 163 
Pasture 3 85-110 0.114 74 






(mg C / kg) 
Pasture 4 0-15 0.115 530 
Pasture 4 15-35 0.133 262 
Pasture 4 35-60 0.216 336 
Pasture 4 60-85 0.223 105 
Pasture 4 85-110 0.185 235 
Pasture 5 0-15 0.168 427 
Pasture 5 15-35 0.143 645 
Pasture 5 35-60 0.153 101 
Pasture 5 60-85 0.163 56 
Pasture 5 85-110 0.18 37 
Pasture 6 0-15 0.178 682 
Pasture 6 15-35 0.144 230 
Pasture 6 35-60 0.195 286 
Pasture 6 60-85 0.153 69 
Pasture 6 85-110 0.131 49 
Row Crop 1 0-15 0.192 3 84 
Row Crop 1 15-35 0.164 185 
Row Crop 1 35-60 0.149 66 
Row Crop 1 60-85 0.227 93 
Row Crop 1 85-110 0.231 37 
Row Crop 2 0-15 0.187 406 
Row Crop 2 15-35 0.17 77 
Row Crop 2 35-60 0.206 261 
Ro~~: rrop 2 60-85 0.23 175 
Row Crop 2 85-110 0.221 197 
Row Crop 3 0- a ~ 0.183 _ 518 
Row Crop 
_. ...~ 
3 15 - 3 5 0.194 174 
Row Crop 3 35-60 0.18 136 
Row Crop 3 60-85 0.098 70 
Row Crop 3 85-110 0.209 
Row Crop 4 0-15 0.185 680 
Row Crop 4 15-35 0.196 357 
Row Crop 4 35-60 0.171 127 
Row Crop 4 60-85 0.234 155 
Row Crop 4 85-110 0.235 170 
Row Crop S 0-15 0.178 340 
Row Crop 5 15 -3 5 0.144 194 
Row Crop 5 35-60 0.188 143 
Row Crop 5 60-85 0.255 83 
Row Crop 5 85-110 0.245 157 
Row Crop 6 0-15 0.194 424 
Row Crop 6 15 -3 5 0.15 9 
Row Crop 6 35-60 0.189 36 
Row Crop 6 60- 8 5 0.219 216 
Row Crop 6 85-110 0.234 44 
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(mg C / kg) 
Forest 1 0-15 0.218 372 
Forest 1 15-35 0.146 
Forest 1 35-60 0.1 99 
Forest 1 60-85 0.115 93 
Forest 1 85-110 0.103 155 
Forest 2 0-15 0.246 789 
Forest 2 15-35 0.207 
Forest 2 35-60 0.121 103 
Forest 2 60-85 0.111 
Forest 2 85-110 0.081 59 
Forest 3 0-15 0.187 451 
Forest 3 15-35 0.159 263 
Forest 3 35-60 0.12 295 
Forest 3 60-85 0.153 
Forest 3 85-110 0.095 143 
Forest 4 0-15 0.286 927 
Forest 4 15-35 0.202 355 
Forest 4 35-60 0.124 389 
Forest 4 60-85 0.115 180 
Forest 4 85-110 0.094 64 
Forest 5 0-15 0.356 514 
Forest 5 15-35 0.22 268 
Forest 5 35-60 0.191 125 
Forest 5 60-85 0.171 146 
Forest 5 85-110 0.179 73 
Forest 6 0-15 0.257 432 
Forest 6 15-35 0.178 209 
Forest 6 35-60 0.169 363 
Forest 6 60-85 0.159 147 
Forest 6 85-110 0.212 135 
Pasture 1 0-15 0.214 858 
Pasture 1 15-35 0.19 287 
Pasture 1 35-60 0.237 188 
Pasture 1 60-85 0.264 
Pasture 1 85-110 0.282 155 
Pasture 2 0-15 0.197 
Pasture 2 15-35 0.263 411 
Pasture 2 35-60 0.255 379 
Pasture 2 60-85 0.247 167 
Pasture 2 85-110 0.196 73 
Pasture 3 0-15 0.24 
Pasture 3 15-35 0.239 377 
Pasture 3 35-60 0.276 587 
Pasture 3 60-85 0.289 305 
Pasture 3 85-110 0.309 325 





(mg C / kg) 
Pasture 4 0-15 0.223 600 
Pasture 4 15-35 0.29 440 
Pasture 4 35-60 0.314 193 
Pasture 4 60-85 0.323 127 
Pasture 4 85-110 0.339 260 
Pasture 5 0-15 0.203 420 
Pasture 5 15-35 0.254 
Pasture S 35-60 0.256 157 
Pasture 5 60-85 0.254 
Pasture 5 85-110 
Pasture 6 0-15 0.213 817 
Pasture 6 15-35 0.275 
Pasture 6 35-60 0.321 307 
Pasture 6 60-85 0.296 443 
Pasture 6 85-110 0.271 272 
Row Crop l 0-15 0.245 757 
Row Crop 1 15-35 0.284 177 
Row Crop 1 35-60 0.273 222 
Row Crop 1 60-85 0.249 
Row Crop 1 8 5 -110 0.2 2 8 161 
Row Crop 2 0-15 0.239 378 
Row Crop 2 15-35 0.309 264 
Row Crop 2 35-60 0.292 255 
Row Crop 2 60 `.'~ 0.245 253 
Row Crop 2 85-110 0.259 176 
Row Crop 3 0-15 0.244 x'52 
Row Crop 3 15-35 0.22 268 
Row Crop- 3 35-60 0.294 492 ., ,. 
Row Crop 3 60-85 0.261 208 
Row Crop 3 85-110 0.263 233 
Row Crop 4 0-15 0.221 493 
Row Crop 4 15-35 0.237 140 
Row Crop 4 35-60 0.256 368 
Row Crop 4 60-85 0.35 597 
Row Crop 4 8 5 -110 0.241 219 
Row Crop 5 0-15 0.242 278 
Row Crop 5 15-35 0.257 100 
Row Crop 5 35-60 0.314 199 
Row Crop 5 60-85 0.249 171 
Row Crop 5 85-110 0.195 204 
Row Crop 6 0-15 0.234 308 
Row Crop 6 15-35 0.272 
Row Crop 6 35-60 0.31 166 
Row Crop 6 60-85 0.259 
Row Crop 6 85-110 0.264 117 
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(mg C / kg) 
Forest 1 0-15 0.214 394 
Forest 1 15-35 0.211 155 
Forest 1 35-60 0.055 
Forest 1 60-85 0.072 63 
Forest 1 85-110 0.057 33 
Forest 2 0-15 0.278 646 
Forest 2 15-35 0.228 120 
Forest 2 35-60 0.103 92 
Forest 2 60-85 0.065 169 
Forest 2 85-110 0.068 51 
Forest 3 0-15 0.272 
Forest 3 15-35 0.215 102 
Forest 3 35-60 0.194 
Forest 3 60-85 0.136 219 
Forest 3 85-110 0.176 70 
Forest 4 0-15 0.282 
Forest 4 15-35 0.231 133 
Forest 4 35-60 0.192 34 
Forest 4 60-85 0.1 240 
Forest 4 85-110 0.093 41 
Forest 5 0-15 0.235 
Forest 5 15-35 0,223 538 
Forest 5 35-60 0.242 518 
Forest 5 60-85 0.115 340 
Forest 5 85-110 0.116 53 
Forest 6 0-15 0.345 500 
Forest 6 15-35 0.232 440 
Forest 6 35-60 0.173 264 
Forest 6 60-85 0.057 100 
Forest 6 85-110 0.07 38 
Pasture 1 0-15 0.317 
Pasture 1 15-35 0.237 528 
Pasture ~ 1 35-60 0.257 227 
Pasture 1 60-85 0.266 273 
Pasture 1 85-110 0.267 28 
Pasture 2 0-15 0.244 670 
Pasture 2 15-35 0.214 83 
Pasture 2 35-60 0.173 247 
Pasture 2 60-85 0.104 193 
Pasture 2 85-110 0.151 65 
Pasture 3 0-15 0.241 
Pasture 3 15-35 0.195 132 
Pasture 3 35-60 0.103 
Pasture 3 60-85 0.111 166 
Pasture 3 85-110 0.117 75 






(mg C / kg) 
Pasture 4 0-15 0.26 
Pasture 4 15-35 0.24 483 
Pasture 4 35-60 0.193 
Pasture 4 60-85 0.094 66 
Pasture 4 85-110 0.063 31 
Pasture 5 0-15 0.194 523 
Pasture 5 15-35 0.228 130 
Pasture 5 35-60 0.234 305 
Pasture 5 60-85 0.21 278 
Pasture 5 85-110 0.182 40 
Pasture 6 0-15 0.24 568 
Pasture 6 15-35 0.24 166 
Pasture 6 35-60 0.183 532 
Pasture 6 60-85 0.11 32 
Pasture 6 85-110 0.185 8 
Row Crop 1 0-15 0.16 
Row Crop 1 15 -3 5 0.142 5 8 
Row Crop 1 35-60 0.148 101 
Row Crop 1 60-85 0.146 281 
Row Crop 1 85-110 0.159 352 
Row Crop 2 0-15 0.197 531 
Row Crop 2 15 -3 5 0.174 60 
Row Crop 2 35-60 0.175 99 
Row Crop 2 60-85 0.181 39 
Row Crop 2 85-110 0.193 58 
Row Crop 3 0-15 0.147 100 
Row Crop 3 15-35 0.133 
;~... 
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Row Crop 3 35-60 0.119 76 
Row Crop 3 60-85 0.144 39 
Row Crop 3 85-110 0.161 
Row Crop 4 0-15 0.193 447 
Row Crop 4 15-35 0.195 59 
Row Crop 4 35-60 0.162 124 
Row Crop 4 60-85 0.196 
Row Crop 4 85-110 0.186 411 
Row Crop 5 0-15 0.192 
Row Crop 5 15-35 0.225 123 
Row Crop 5 35-60 0.16 363 
Row Crop 5 60-85 0.19 
Row Crop 5 85-110 0.175 8 
Row Crop 6 0-15 0.185 168 
Row Crop 6 15-35 0.186 112 
Row Crop 6 35-60 0.169 340 
Row Crop 6 60-85 0.179 333 
Row Crop 6 85-110 0.142 13 
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(mg C / kg) 
Forest 1 0-15 0.326 694 
Forest 1 15-35 0.292 191 
Forest 1 35-60 0.205 
Forest 1 60-85 0.18 
Forest 1 85-110 0.147 33 
Forest 2 0-15 0.254 337 
Forest 2 15-35 0.288 516 
Forest 2 35-60 0.245 523 
Forest 2 60-85 0.128 34 
Forest 2 85-110 0.129 20 
Forest 3 0-15 0.307 699 
Forest 3 15-35 0.265 
Forest 3 35-60 0.184 107 
Forest 3 60-85 0.116 78 
Forest 3 85-110 0.108 70 
Forest 4 0-15 0.317 855 
Forest 4 15-35 0.298 165 
Forest 4 35-60 0.237 
Forest 4 60-85 0.197 283 
Forest 4 85-110 0.136 46 
Forest 5 0-15 0.371 716 
Forest 5 15-35 0.299 626 
Forest 5 35-60 0.252 
Forest 5 60-85 0.196 343 
Forest 5 85-110 0.124 31 
Forest 6 0-15 0.34 836 
Forest 6 15-35 0.261 128 
Forest 6 35-60 0.224 122 
Forest 6 60-85 0.222 
Forest 6 85-110 0.195 61 
Pasture 1 0-15 0.261 631 
Pasture 1 15-35 0.216 138 
Pasture 1 35-60 0.189 32 
Pasture 1 60-85 0.123 42 
Pasture 1 85-110 0.118 13 
Pasture 2 0-15 0.289 
Pasture 2 15-35 0.264 125 
Pasture 2 35-60 0.292 
Pasture 2 60-85 0.197 
Pasture 2 85-110 0.2 0 
Pasture 3 0-15 0.276 73 5 
Pasture 3 15-35 0.241 159 
Pasture 3 35-60 0.256 564 
Pasture 3 60-85 0.122 310 
Pasture 3 85-110 0.106 -3 





(mg C / kg) 
Pasture 4 0-15 0.395 
Pasture 4 15-35 0.269 327 
Pasture 4 35-60 0.299 592 
Pasture 4 60-85 0.277 484 
Pasture 4 85-110 0.233 23 
Pasture 5 0-15 - 0.296 
Pasture 5 15-35 0.237 147 
Pasture 5 35-60 0.219 431 
Pasture 5 60-85 0.204 53 
Pasture 5 85-110 0.209 
Pasture 6 0-15 0.306 
Pasture 6 15-35 0.245 
Pasture 6 35-60 0.267 560 
Pasture 6 60-85 0.202 213 
Pasture 6 85-110 0.19 52 
Row Crop 1 0-15 0.324 
Row Crop 1 15-35 0.289 172 
Row Crop 1 35-60 0.18 430 
Row Crop 1 60-85 0.215 399 
Row Crop 1 85-110 0.225 360 
Row Crop 2 0-15 0.323 670 
Row Crop 2 15-3 5 0.273 100 
Row Crop 2 35-60 0.2 88 
Row Crop 2 60-85 0.225 9" 
Row Crop 2 85-110 0.235 12 
Row Crop 3 0-15 0.327 625 
Row Crop 3 15-35 0.274 
Row Crop 3 35-60 0.235 
Row Crop 3 60-85 0.15 258 
Row Crop 3 85-110 0.16 46 
Row Crop 4 0-15 0.313 5 8 8 
Row Crop 4 15-35 0.262 56 
Row Crop 4 35-60 0.217 49 
Row Crop 4 60-85 0.26 3 81 
Row Crop 4 8 5 -110 0.2 61 414 
Row Crop 5 0-15 0.172 
Row Crop 5 15 -3 5 0.15 6 
Row Crop 5 35-60 0.182 3 
Row Crop 5 60-85 0.207 75 
Row Crop 5 85-110 0.242 
Row Crop 6 0-15 0.29 524 
Row Crop 6 15-35 0.25 59 
Row Crop 6 35-60 0.226 31 
Row Crop 6 60-85 0.258 64 
Row Crop 6 85-110 0.239 44 
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(mg C / kg) 
Forest 1 0-15 0.398 971 
Forest 1 15-35 0.204 171 
Forest 1 35-60 0.086 158 
Forest 1 60-85 0.104 108 
Forest 1 85-110 0.086 25 
Forest 2 0-15 0.292 
Forest 2 15-35 0.118 442 
Forest 2 35-60 0.085 
Forest 2 60-85 0.082 113 
Forest 2 85-110 0.068 -12 
Forest 3 0-15 0.305 865 
Forest 3 15-35 0.215 208 
Forest 3 35-60 0.097 116 
Forest 3 60-85 0.073 42 
Forest 3 85-110 0.18 59 
Forest 4 0-15 0.278 348 
Forest 4 15-35 0.258 175 
Forest 4 35-60 0.088 300 
Forest 4 60-85 0.082 51 
Forest 4 85-110 0.079 131 
Forest 5 0-15 0.297 371 
Forest 5 15-35 0.268 
Forest 5 35-60 0.136 
Forest 5 60-85 0.099 
Forest 5 85-110 0.092 223 
Forest 6 0-15 0.448 
Forest 6 15-35 0.272 211 
Forest 6 35-60 0.108 227 
Forest 6 60-85 0.119 238 
Forest 6 85-110 0.129 25 
Pasture 1 0-15 0.372 847 
Pasture 1 15-35 0.276 170 
Pasture 1 35-60 0.281 114 
Pasture 1 60- 8 5 0.241 
Pasture 1 85-110 0.212 372 
Pasture 2 0-15 0.323 
Pasture 2 15-35 0.285 110 
Pasture 2 35-60 0.299 663 
Pasture 2 60-85 0.275 182 
Pasture 2 85-110 0.234 13 
Pasture 3 0-15 0.275 753 
Pasture 3 15-35 0.281 154 
Pasture 3 35-60 0.271 
Pasture 3 60-85 0.253 . 
Pasture 3 85-110 . 






(mg C / kg) 
Pasture 4 0-15 0.315 
Pasture 4 15 -3 5 0.31 191 
Pasture 4 35-60 0.289 
Pasture 4 60-85 0.263 360 
Pasture 4 85-110 0.155 14 
Pasture 5 0-15 0.292 863 
Pasture 5 15-35 0.269 115 
Pasture 5 35-60 0.273 132 
Pasture 5 60-85 0.263 91 
Pasture 5 85-110 0.264 46 
Pasture 6 0-15 0.298 363 
Pasture 6 15-35 0.316 252 
Pasture 6 35-60 0.284 264 
Pasture 6 60-85 0.303 101 
Pasture 6 85-110 0.308 -4 
Row Crop 1 0-15 0.304 473 
Row Crop 1 15-35 0.336 129 
Row Crop 1 35-60 0.348 140 
Row Crop 1 60-85 0.241 87 
Row Crop 1 85-110 0.27 415 
Row Crop 2 0-15 0.312 423 
Row Crop 2 15-35 0.273 88 
Row Crop 2 35-60 0.357 
Row Crop 2 60-85 0.375 169 
Row Crop 2 8 5 -110 0.3 31 5 61 
Row Crop 3 0-15 0.344 721 
Row Crop 3 15-35 0.31 204 
Row Crop 3 35-60 0.341 
Row Crop 3 60-85 0.287 20 
Row Crop 3 85-110 0.223 48 
Row Crop 4 0-15 0.29 491 
Row Crop 4 15-35 0.245 63 
Row Crop 4 35-60 0.298 221 
Row Crop 4 60-85 0.388 439 
Row Crop 4 85-110 0.322 570 
Row Crop 5 0-15 0.317 549 
Row Crop 5 15 - 3 5 0.3 3 5 94 
Row Crop 5 35-60 0.274 62 
Row Crop 5 60- 8 5 0.19 3 7 
Row Crop 5 8 5 -110 0.2 5 9 
Row Crop 6 0-15 0.307 292 
Row Crop 6 15-35 0.268 85 
Row Crop 6 35-60 0.319 454 
Row Crop 6 60-85 0.28 60 
Row Crop 6 85-110 0.293 495 
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(mg C / kg) 
Forest 1 0-15 0.206 506 
Forest 1 15-35 0.183 368 
Forest 1 35-60 0.173 32 
Forest 1 60-85 0.186 156 
Forest 1 85-110 0.155 233 
Forest 2 0-15 0.271 1272 
Forest 2 15-35 0.263 896 
Forest 2 35-60 0.22 391 
Forest 2 60-85 0.238 196 
Forest 2 85-110 0.226 297 
Forest 3 0-15 0.211 147 
Forest 3 15-35 0.224. 663 
Forest 3 35-60 0.239 31 
Forest 3 60-85 0.234 297 
Forest 3 85-110 0.207 110 
Forest 4 0-15 0.232 508 
Forest 4 15-35 0.243 168 
Forest 4 35-60 0.173 
Forest 4 60-85 0.221 109 
Forest 4 85-110 0.18 137 
Forest ~ 5 0-15 0.219 511 
Forest 5 15-35 0.212 157 
Forest 5 35-60 0.189 
Forest 5 60-85 0.171 217 
Forest 5 85-110 0.183 
Forest 6 0-15 0.252 850 
Forest 6 15-35 0.237 799 
Forest 6 35-60 0.26 233 
Forest 6 60-85 0.256 36 
Forest 6 85-110 
Pasture 1 0-15 0.186 818 
Pasture 1 15-35 0.169 628 
Pasture ~ 1 35-60 0.201 334 
Pasture 1 60-85 0.157 135 
Pasture 1 85-110 0.207 185 
Pasture 2 0-15 0.242 433 
Pasture 2 15-35 0.225 625 
Pasture 2 35-60 0.232 181 
Pasture 2 60-85 0.274 215 
Pasture 2 85-110 0.247 306 
Pasture 3 0-15 0.21 629 
Pasture 3 15-35 0.22 769 
Pasture 3 35-60 0.188 220 
Pasture 3 60-85 0.16 60 
Pasture 3 85-110 0.138 235 





(mg C / kg) 
Pasture 4 0-15 0.191 571 ~_, 
Pasture 4 15-35 0.194 597 
Pasture 4 35-60 0.236 46 
Pasture 4 60-85 0.188 267 
Pasture 4 85-110 0.106 106 
Pasture 5 0-15 0.166 620 
Pasture 5 15-35 0.168 589 
Pasture 5 35-60 0.176 46 
Pasture 5 60-85 0.172 119 
Pasture 5 85-110 0.208 266 
Pasture 6 0-15 0.195 743 
Pasture 6 15-35 0.199 225 
Pasture 6 35-60 0.204 229 
Pasture 6 60-85 0.21 227 
Pasture 6 85-110 0.118 78 
Row Crop 1 0-15 0.118 446 
Row Crop 1 15-35 0.125 189 
Row Crop 1 35-60 0.124 
Row Crop 1 60-85 0.159 136 
Row Crop 1 8 5 -110 0.18 113 
Row Crop 2 0-15 0.171 23 6 
Row Crop 2 15-35 0.165 513 
Row Crop 2 35-60 0.209 145 
Row Crop 2 60- 8 5 0.181 13 0 
Row Crop 2 85-110 
Row Crop 3 0-15 0.097 323 
Row Crop 3 15-35 0.115 400 
Row Crop 3 35-60 0.145 39 
Row Crop 3 60-85 0.154 112 
Row Crop 3 8 5 -110 0.21 3 7 
Row Crop 4 0-15 0.145 305 
Row Crop 4 15-35 0.169 579 
Row Crop 4 35-60 0.164 
Row Crop 4 60- 8 5 0.13 8 147 
Row Crop 4 8 5 -110 0.16 109 
Row Crop 5 0-15 0.093 301 
Row Crop 5 15-35 0.112 59 
Row Crop 5 35-60 0.141 
Row Crop 5 60-85 0.141 162 
Row Crop 5 85-110 0.174 46 
Row Crop 6 0-15 0.186 414 
Row Crop 6 15-35 0.177 395 
Row Crop 6 35-60 0.184 105 
Row Crop 6 60-85 0.167 147 
Row Crop 6 85-110 0.146 18 
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(mg C / kg) 
Forest 1 0-15 0.395 816 
Forest 1 15-35 0.293 685 
Forest 1 35-60 0.291 183 
Forest 1 60-85 0.203 122 
Forest 1 85-110 0.186 252 
Forest 2 0-15 0.284 670 
Forest 2 15-35 0.298 681 
Forest 2 35-60 0.293 413 
Forest 2 60-85 0.184 157 
Forest 2 85-110 0.187 18 
Forest 3 0-15 0.23 298 
Forest 3 15-35 0.245 413 
Forest 3 35-60 0.265 137 
Forest 3 60-85 0.271 220 
Forest 3 85-110 0.259 277 
Forest 4 0-15 0.255 471 
Forest 4 15-35 0.26 817 
Forest 4 35-60 0.257 180 
Forest 4 60-85 0.213 155 
Forest 4 85-110 0.205 277 
Forest 5 0-15 0.21 231 
Forest 5 15-35 0.225 473 
Forest 5 35-60 0.24 190 
Forest 5 60-85 0.229 130 
Forest 5 85-110 0.226 98 
Forest 6 0-15 0.236 475 
Forest 6 15-35 0.263 633 
Forest 6 35-60 0.228 89 
Forest 6 60-85 0.231 198 
Forest 6 85-110 0.228 46 
Pasture 1 0-15 0.178 1155 
Pasture 1 15-35 0.214 601 
Pasture 1 35-60 0.197 129 
Pasture 1 60-85 0.192 175 
Pasture 1 85-110 0.188 195 
Pasture 2 0-15 0.239 1652 
Pasture 2 15-35 0.293 93 
Pasture 2 35-60 0.349 
Pasture 2 60-85 0.247 -30 
Pasture 2 85-110 0.246 84 
Pasture 3 0-15 0.189 670 
Pasture 3 15-35 0.204 399 
Pasture 3 35-60 0.246 76 
Pasture 3 60-85 0.18 167 
Pasture 3 85-110 0.152 26 






(mg C / kg} 
Pasture 4 0-15 0.269 609 
Pasture 4 15-35 0.236 196 
Pasture 4 35-60 0.284 
Pasture 4 60-85 0.255 239 
Pasture 4 85-110 0.252 193 
Pasture 5 0-15 0.17 819 
Pasture 5 15-35 0.247 199 
Pasture 5 35-60 0.232 
Pasture 5 60-85 0.211 187 
Pasture 5 85-110 0.212 244 
Pasture 6 0-15 0.305 2299 
Pasture ~ 6 15-35 0.237 620 
Pasture 6 35-60 0.266 
Pasture 6 60-85 0.254 159 
Pasture 6 85-110 0.208 270 
Row Crop 1 0-15 0.235 904 
Row Crop 1 15-35 0.17 47 
Row Crop 1 35-60 0.194 -9 
Row Crop 1 60-85 0.226 160 
Row Crop 1 85-110 0.242 19 
Row Crop 2 0-15 0.282 800 
Row Crop 2 15-35 0.256 604 
Row Crop 2 35-60 0.223 47 
Row Crop 2 60-85 0.244 202 
Row Crop 2 85-110 0.232 36 
Row. Crop 3 0-15 0.189 554 
Row Crop 3 15-35 0.204 270 
Row Crop 3 35-60 0.198 158 
Row Crop 3 60-85 0.131 157 
Row Crop 3 85-110 0.191 243 
Row Crop 4 0-15 0.274 809 
Row Crop 4 15-35 0.221 164 
Row Crop 4 35-60 0.226 146 
Row Crop 4 60-85 0.26 172 
Row Crop 4 8 5 -110 0.2 5 6 100 
Row Crop 5 0-15 0.162 45 8 
Row Crop 5 15 -3 5 0.163 415 
Row Crop 5 35-60 0.201 228 
Row Crop 5 60-85 0.214 91 
Row Crop 5 85-110 0.262 49 
Row Crop 6 0-15 0.235 410 
Row Crop 6 15-35 0.232 668 
Row Crop 6 35-60 0.257 
Row Crop 6 60-85 0.249 175 
Row Crop 6 8 5 -110 0.24 2 8 5 
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(mg C / kg) 
Forest 1 0-15 0.265 896 
Forest 1 15-35 0.283 1007 
Forest 1 35-60 0.281 31 
Forest 1 60-85 0.314 176 
Forest 1 85-110 0.22 61 
Forest 2 0-15 0.275 1119 
Forest 2 15-35 0.33 1062 
Forest 2 35-60 0.335 110 
Forest 2 60-85 0.298 193 
Forest 2 85-110 0.217 27 
Forest 3 0-15 0.295 827 
Forest 3 15-35 0.328 409 
Forest 3 35-60 0.276 64 
Forest 3 60-85 0.23 114 
Forest 3 85-110 0.199 108 
Forest 4 0-15 0.21 590 
Forest 4 15-35 0.272 849 
Forest 4 35-60 0.27 66 
Forest 4 60-85 0.267 43 
Forest 4 85-110 0.266 48 
Forest 5 0-15 0.358 1088 
Forest 5 15-35 0.333 819 






Forest 5 85-110 0.209 229 
~^~-~st 6 0-15 0.322 1038 
Forest 6 15 -3 5 0.3 69 1002 
Forest 6 35-60 0.281 272 
Forest 6 60-85 0.229 3 
Forest 6 85-110 0.222 39 
Pasture 1 0-15 0.243 634 
Pasture 1 15-35 0.263 740 
Pasture 1 35-60 0.259 111 
Pasture 1 60-85 0.246 218 
Pasture 1 85-110 0.25 295 
Pasture 2 0-15 0.25 631 
Pasture 2 15-35 0.278 816 
Pasture 2 35-60 0.309 131 
Pasture 2 60-85 0.319 206 
Pasture 2 85-110 
Pasture 3 0-15 0.239 742 
Pasture 3 15-35 0.257 631 
Pasture 3 35-60 0.275 145 
Pasture 3 60-85 0.327 -35 
Pasture 3 85-110 0.32 419 







(mg C / kg) 
Pasture 4 0-15 0.308 83 8 
Pasture 4 15-35 0.317 1296 
Pasture 4 35-60 0.317 148 
Pasture 4 60-85 0.252 170 
Pasture 4 85-110 0.248 270 
Pasture 5 0-15 0.266 454 
Pasture 5 15-35 0.309 667 
Pasture 5 35-60 0.33 199 
Pasture 5 60-85 0.308 26 
Pasture 5 85-110 0.296 372 
Pasture 6 0-15 0.278 539 
Pasture 6 15-35 0.315 637 
Pasture 6 35-60 0.329 82 
Pasture 6 60-85 0.315 270 
Pasture 6 85-110 0.297 64 
Row Crop 1 0-15 0.272 255 
Row Crop 1 15-35 0.317 405 
Row Crop 1 35-60 0.295 
Row Crop 1 60-85 0.229 217 
Row Crop 1 85-110 0.208 . 155 
Row Crop 2 0-15 0.224 101 
Row Crop 2 15-35 0.25 192 
Row Crop 2 35-60 0.276 301 
Row Crop 2 60-85 0.27 231 
Row Crop 2 85-110 0.224 77 
Row Crop 3 0-15 0.293 227 
Row Crop 3 15-35 0.304 326 
Row Crop 3 35-60 0.293 
Row Crop 3 60-85 0.226 227 
Row Crop 3 8 5 -110 0.242 2 5 8 
Row Crop 4 0-15 0.312 200 
Row Crop 4 15-35 0.298 841 
Row Crop 4 3 5-60 0.299 123 
Row Crop 4 60-85 0.19 196 
Row Crop 4 85-110 0.246 221 
Row Crop 5 0-15 0.245 613 
Row Crop 5 15-35 0.292 204 
Row Crop 5 3 5 - 60 0.3 3 
Row Crop 5 60-85 0.183 224 
Row Crop 5 85-110 0.232 133 
Row Crop 6 0-15 0.3 3 2 617 
Row Crop 6 15-35 0.319 343 
Row Crop 6 35-60 0.312 204 
Row Crop 6 60-85 0.245 165 
Row Crop 6 85-110 0.249 190 
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(mg C / kg) 
Forest 1 0-15 0.231 541 
Forest 1 15-35 0.168 506 
Forest 1 35-60 0.096 89 
Forest 1 60-85 0.133 60 
Forest 1 85-110 0.113 149 
Forest 2 0-15 0.253 624 
Forest 2 15-35 0.166 204 
Forest 2 35-60 0.101 151 
Forest 2 60-85 0.104 
Forest 2 85-110 0.132 24 
Forest 3 0-15 0.177 453 
Forest 3 15-35 0.142 301 
Forest 3 35-60 0.169 219 
Forest 3 60-85 0.174 297 
Forest 3 85-110 0.098 228 
Forest 4 0-15 0.204 572 
Forest 4 15-35 0.231 761 
Forest 4 35-60 0.163 82 
Forest 4 60-85 0.112 170 
Forest 4 85-110 0.149 81 
Forest 5 0-15 0.203 227 
Forest 5 15-35 0.204 551 
Forest 5 35--60 0.156 61 
Forest 5 60-85 0.164 198 
Forest 5 85-110 0.125 70 
Fores+ 6 0-15 0.194 568 
Forest 6 15-35 0.119 401 
Forest 6 35-60 0.1 152 
Forest 6 60-85 0.107 42 
Forest 6 85-110 0.114 25 
Pasture 1 0-15 0.228 448 
Pasture 1 15-35 0.228 195 
Pasture 1 35-60 0.235 552 
Pasture 1 60-85 0.224 91 
Pasture 1 85-110 0.261 130 
Pasture 2 0-15 0.108 496 
Pasture 2 15-35 0.077 347 
Pasture 2 35-60 0.107 
Pasture 2 60-85 0.113 256 
Pasture 2 85-110 0.112 156 
Pasture 3 0-15 0.163 654 
Pasture 3 15-35 0.11 345 
Pasture 3 35-60 0.111 46 
Pasture 3 60-85 0.132 242 
Pasture 3 85-110 0.131 180 





(mg C / kg) 
Pasture 4 0-15 0.177 612 
Pasture 4 15-35 0.144 395 
Pasture 4 35-60 0.111 112 
Pasture 4 60-85 0.166 94 
Pasture 4 85-110 0.127 172 
Pasture 5 0-15 0.209 418 
Pasture 5 15-35 0.213 139 
Pasture 5 35-60 0.194 81 
Pasture 5 60-85 0.229 94 
Pasture 5 85-110 0.206 259 
Pasture 6 0-15 0.2 63 0 
Pasture 6 15-35 0.198 559 
Pasture 6 35-60 0.186 454 
Pasture 6 60-85 0.182 276 
Pasture 6 85-110 0.183 147 
Row Crop 1 0-15 0.069 243 
Row Crop 1 15-35 0.033 91 
Row Crop 1 35-60 0.035 10 
Row Crop 1 60-85 0.11 
Row Crop 1 85-110 0.146 25 
Row Crop 2 0-15 0.085 241 
Row Crop 2 15-35 0.067 140 
Row Crop 2 35-60 0.062 181 
Row Crop 2 60-85 0.087 
Row Crop 2 85-110 0.123 20 
Row Crop 3 0-15 0.072 63 
Row Crop 3 15-35 0.056 133 
Row Crop 3 35-60 0.05 50 
Row Crop 3 60-85 0.083 74 
Row Crop 3 85-110 0.153 27 
Row Crop 4 0-15 0.055 104 
Row Crop 4 15-35 0.049 166 
Row Crop 4 35-60 0.047 62 
Row Crop 4 60-85 0.076 7 
Row Crop 4 85-110 0.075 11 
Row Crop 5 0-15 0.068 205 
Row Crop 5 15-35 0.054 32 
Row Crop 5 35-60 0.049 95 
Row Crop 5 60-85 0.047 98 
Row Crop 5 8 5 -110 0.09 24 
Row Crop 6 0-15 0.09 229 
Row Crop 6 15-35 0.073 132 
Row Crop 6 35-60 0.063 12 
Row Crop 6 60-85 0.082 104 
Row Crop 6 8 5 -110 0.07 8 12 
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(mg C / kg) 
Forest 1 0-15 0.192 63 8 
Forest 1 15-35 0.136 303 
Forest 1 35-60 0.125 0 
Forest 1 60-85 0.137 
Forest 1 85-110 0.165 29 
Forest 2 0-15 0.278 632 
Forest 2 15-35 0.167 129 
Forest 2 35-60 0.16 118 
Forest 2 60-85 0.164 230 
Forest 2 85-110 0.155 32 
Forest 3 0-15 0.233 535 
Forest 3 15-35 0.202 594 
Forest 3 35-60 0.194 180 
Forest 3 60-85 0.225 33 
Forest 3 85-110 0.224 31 
Forest 4 0-15 0.245 596 
Forest 4 15-35 0.198 584 
Forest 4 35-60 0.187 196 
Forest 4 60-85 0.209 51 
Forest 4 85-110 0.177 95 
Forest 5 0-15 0.209 203 
Forest 5 15-35 0.185 318 
Forest 5 35-60 0.158 175 
Forest - 5 60-85 0.112 22 
Forest 5 85-110 0.171 44 
Forest 6 0-' ̀  0.336 591 
Forest 6 15-35 0.199 578 
Forest 6 35-60 0.202 217 
Forest 6 60-85 0.191 326 
Forest 6 85-110 0.167 301 
Pasture 1 0-15 0.218 603 
Pasture 1 15 -3 5 0.154 43 8 
Pasture 1 35-60 0.163 92 
Pasture 1 60-85 0.179 207 
Pasture 1 85-110 0.183 216 
Pasture 2 0-15 0.247 850 
Pasture 2 15-35 0.184 150 
Pasture 2 35-60 0.186 198 
Pasture 2 60-85 0.205 252 
Pasture 2 85-110 0.232 107 
Pasture 3 0-15 0.188 533 
Pasture 3 15-35 0.166 352 
Pasture 3 3 5-60 0.144 5 8 
Pasture 3 60-85 0.07 87 
Pasture 3 85-110 0.081 55 





(mg C / kg) 
Pasture 4 0-15 0.178 422 
Pasture 4 15-35 0.115 414 
Pasture 4 35-60 0.211 196 
Pasture 4 60-85 0.228 104 
Pasture 4 85-110 0.206 62 
Pasture 5 0-15 0.194 524 
Pasture 5 15-35 0.191 495 
Pasture 5 35-60 0.16 369 
Pasture 5 60-85 0.168 -6 
Pasture 5 85-110 0.207 32 
Pasture 6 0-15 0.239 811 
Pasture ~ 6 15-35 0.224 429 
Pasture 6 35-60 0.207 216 
Pasture 6 60-85 0.169 -1 
Pasture 6 85-110 0.1 S 8 26 
Row Crop 1 0-15 0.206 267 
Row Crop 1 15-35 0.153 24 
Row Crop 1 35-60 0.21 65 
Row Crop 1 60-85 0.188 234 
Row Crop 1 85-110 0.23 208 
Row Crop 2 0-15 0.201 520 
Row Crop 2 15-35 0.158 385 
Row Crop 2 35-60 0.148 159 
Row Crop 2 60- 8 5 0.213 51 
Row Crop 2 8 5 -110 0.215 
Row Crop 3 0-15 0.192 524 
Row Crop 3 15-35 0.182 363 
Row Crop 3 35-60 0.174 142 
Row Crop 3 60-85 0.158 149 
Row Crop 3 8 5 -110 0.219 7 8 
Row Crop 4 0-15 0.227 522 
Row Crop 4 15-35 0.195 501 
Row Crop 4 35-60 0.161 352 
Row Crop 4 60-85 0.229 52 
Row Crop 4 85-110 0.237 109 
Row Crop 5 0-15 0.223 407 
Row Crop 5 15-35 0.209 228 
Row Crop 5 35-60 0.185 338 
Row Crop 5 60-85 0.226 15 
Row Crop 5 85-110 0.256 256 
Row Crop 6 0-15 0.19 572 
Row Crop 6 15-35 0.167 93 
Row Crop 6 35-60 0.186 170 
Row Crop 6 60-85 0.213 195 
Row Crop 6 8 5 -110 0.224 101 
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(mg C / kg) 
Forest 1 0-15 0.266 838 
Forest 1 15-35 0.183 441 
Forest 1 35-60 0.131 204 
Forest 1 60-85 0.142 25 
Forest 1 85-110 0.124 205 
Forest 2 0-15 0.262 639 
Forest 2 15-35 0.263 232 
Forest 2 35-60 0.219 2S8 
Forest 2 60-85 0.182 22 
Forest 2 85-110 0.164 41 
Forest 3 0-1 S 0.216 SO4 
Forest 3 15-35 0.207 245 
Forest 3 35-60 0.14 180 
Forest 3 60-85 0.113 153 
Forest 3 85-110 0.182 26 
Forest 4 0-15 0.3 3 8 722 
Forest 4 15-35 0.277 159 
Forest 4 35-60 0.182 92 
Forest 4 60-85 0.165 56 
Forest 4 85-110 0.159 203 
Forest S 0-1 S 0.247 314 
Forest S 15-35 0.18 266 
Forest 5 35-60 0.171 ~ S2 
Forest ~ 5 60-85 0.108 70 
Forest 5 85-110 0.117 89 
Forest 6 0-15 ~.? 9 3 00 
Forest 6 
`,, 
15-35 0.216 395 
Forest 6 35-60 0.163 287 
Forest 6 60-85 0.135 250 
Forest 6 85-110 0.146 183 
Pasture 1 0-15 0.226 652 
Pasture 1 15-35 0.233 582 
Pasture 1 35-60 0.252 168 
Pasture 1 60-85 0.274 153 
Pasture 1 85-110 0.29 599 
Pasture 2 0-1 S 0.21 641 
Pasture 2 15-35 0.206 521 
Pasture 2 35-60 0.21 207 
Pasture 2 60-85 0.18 255 
Pasture 2 85-110 0.197 205 
Pasture 3 0-15 0.219 842 
Pasture 3 15-35 0.209 622 
Pasture 3 35-60 0.217 592 
Pasture 3 60-85 0.237 376 
Pasture 3 85-110 0.25 464 






(mg C / kg) 
Pasture 4 0-15 0.22 782 
Pasture 4 15-35 0.237 223 
Pasture 4 35-60 0.292 265 
Pasture 4 
_ 
60-85 0.28 80 
Pasture 4 85-110 0.29 266 
Pasture S 0-15 0.339 430 
Pasture 5 15-35 0.239 693 
Pasture 5 35-60 0.249 131 
Pasture 5 60-85 0.281 
Pasture S 85-110 0.326 75 
Pasture 6 0-15 0.23 593 
Pasture 6 15-35 0.278 475 
Pasture 6 35-60 0.294 332 
Pasture 6 60-85 0.285 
Pasture 6 85-110 0.284 490 
Row Crop 1 0-1 S 0.231 S 88 
Row Crop 1 15-35 0.331 488 
Row Crop 1 35-60 0.291 382 
Row Crop 1 60-85 0.232 
Row Crop 1 85-110 0.25 370 
Row Crop 2 0-1 S 0.248 470 
Row Crop 2 1 S-3S 0.263 350 
Row Crop 2 35-60 0.33 332 
Row Crop 2 60-85 0.32 
Row Crop 2 85-110 0.233 43 
Row Crop 3 0-15 0.269 192 
Row Crop 3 15-35 0.303 670 
Row Crop 3 35-60 0.259 112 
Row Crop 3 60- 8 5 0.22 3 62 
Row Crop 3 8 5 -110 0.212 84 
Row Crop 4 0-15 0.2 6 S 61 
Row Crop 4 15-35 0.293 563 
Row Crop 4 35-60 0.309 461 
Row Crop 4 60-85 0.192 
Row Crop 4 85-110 0.232 59 
Row Crop S 0-1 S 0.253 492 
Row Crop S 15-35 0.297 468 
Row Crop S 35-60 0.308 32 
Row Crop S 60-85 0.27 S9 
Row Crop 5 85-110 0.231 46 
Row Crop 6 0-15 0.2 3 9 5 3 2 
Row Crop 6 15-35 0.258 300 
Row Crop 6 35-60 0.298 81 
Row Crop 6 60-85 0.315 
Row Crop 6 85-110 0.22 109 
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(mg C / kg) 
Forest 1 0-15 0.279 709 
Forest 1 15-35 0.251 216 
Forest 1 35-60 0.138 101 
Forest 1 60-85 0.142 149 
Forest 1 85-110 0.071 70 
Forest 2 0-15 0.407 797 
Forest 2 15-35 0.228 488 
Forest 2 35-60 0.112 180 
Forest 2 60-85 0.083 354 
Forest 2 85-110 0.079 309 
Forest 3 0-15 0.265 313 
Forest 3 15-35 0.222 140 
Forest 3 35-60 0.187 132 
Forest 3 60-85 0.175 290 
Forest 3 85-110 0.149 117 
Forest 4 0-15 0.3 3 6 3 80 
Forest 4 15-35 0.188 131 
Forest 4 35-60 0.118 262 
Forest 4 60-85 0.062 -3 
Forest 4 85-110 ~ 0.044 26 
Forest 5 0-15 ~ 0.193 479 
Forest 5 15-35 0.139 130 
Forest 5 35-60 0.132 97 
Forest 5 60-85 :'202 48 
Forest ~ 5 85-110 0.139 127 
Forest 6 0-15 0.263 33 ~ 
Forest 6 15-35 0.198 483 
Forest 6 35-60 0.192 152 
Forest 6 60-85 0.081 123 
Forest 6 85-110 0.08 64 
Pasture 1 0-15 0.229 393 
Pasture 1 15-35 0.181 120 
Pasture 1 35-60 0.159 110 
Pasture 1 60-85 0.167 168 
Pasture 1 85-110 0.204 484 
Pasture 2 0-15 0.23 3 3 51 
Pasture 2 15-35 0.218 556 
Pasture 2 35-60 0.209 194 
Pasture 2 60-85 0.267 592 
Pasture 2 85-110 0.252 125 
Pasture 3 0-15 0.286 450 
Pasture 3 15-35 0.167 387 
Pasture 3 35-60 0.169 333 
Pasture 3 60-85 0.171 93 
Pasture 3 85-110 0.192 458 







(mg C / kg) 
Pasture 4 0-15 0.141 3 81 
Pasture 4 15-35 0.198 140 
Pasture 4 35-60 0.191 180 
Pasture 4 60-85 0.193 237 
Pasture 4 85-110 0.13 1 OS 
Pasture 5 0-15 0.258 470 
Pasture 5 15-35 0.216 433 
Pasture 5 35-60 0.184 168 
Pasture 5 60-85 0.132 161 
Pasture 5 85-110 0.252 554 
Pasture 6 0-15 0.229 706 
Pasture 6 15-35 0.198 669 
Pasture 6 35-60 0.136 190 
Pasture 6 60-85 0.191 229 
Pasture 6 85-110 0.151 429 
Row Crop 1 0-15 0.155 366 
Row Crop 1 15-35 0.125 316 
Row Crop 1 35-60 0.121 198 
Row Crop 1 60-85 0.128 431 
Row Crop 1 85-110 0.17 70 
Row Crop 2 0-15 0.158 372 
Row Crop 2 15-35 0.125 226 
Row Crop 2 35-60 0.12 153 
Row Crop 2 60- 8 5 0.102 5 3 
Row Crop 2 85-110 0.1 O l 268 
Row Crop 3 0-15 0.153 487 
Row Crop 3 15-35 0.121 252 
Row Crop 3 35-60 0.1 185 
Row Crop 3 60-85 0.122 180 
Row Crop 3 85-110 0.135 72 
Row Crop 4 0-15 0.155 468 
Row Crop 4 15-35 0.13 341 
Row Crop 4 35-60 0.15 300 
Row Crop 4 60-85 0.159 231 
Row Crop 4 85-110 0.107 287 
Row Crop 5 0-15 0.109 344 
Row Crop 5 15-35 0.105 297 
Row Crop 5 3 5- 60 0.1 O 1 14 5 
Row Crop 5 60-85 0.126 49 
Row Crop 5 85-110 0.159 69 
Row Crop 6 0-15 0.152 12 
Row Crop 6 15-35 0.159 343 
Row Crop 6 35-60 0.159 208 
Row Crop 6 60-85 0.098 50 
Row Crop 6 85-110 0.063 157 
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(mg C / kg) 
Forest 1 0-15 0.264 459 
Forest 1 15-35 0.24 280 
Forest 1 35-60 0.126 282 
Forest 1 60-85 0.095 134 
Forest 1 85-110 0.084 43 
Forest 2 0-15 0.249 393 
Forest 2 15-35 0.221 180 
Forest 2 35-60 0.109 97 
Forest 2 60-85 0.106 186 
Forest 2 85-110 0.071 22 
Forest 3 0-15 0.249 332 
Forest 3 15-35 0.191 567 
Forest 3 35-60 0.103 122 
Forest 3 60-85 0.094 475 
Forest 3 85-110 0.084 75 
Forest 4 0-1 S 0.311 717 
Forest 4 15-35 0.243 495 
Forest 4 35-60 0.145 322 
Forest 4 60-85 0.099 76 
Forest 4 85-110 0.102 429 
Forest S 0-15 0.277 498 
Forest 5 15-35 0.198 553 
Forest S 35-60 0.193 147 
Forest 5 60-85 0.11 160 
Forest S 85-110 0.119 333 
Forest 6 0-15 0.26 . 750 
Forest 6 15-35 0.23 138 
Forest 6 35-60 0.217 249 
Forest 6 60-85 0.15 192 
Forest 6 85-110 0.145 68 
Pasture 1 0-15 0.259 639 
Pasture 1 15-35 0.23 419 
Pasture 1 35-60 0.231 187 
Pasture 1 60-85 0.089 74 
Pasture 1 85-110 0.124 20 
Pasture 2 0-15 0.273 337 
Pasture 2 15-35 0.262 173 
Pasture 2 35-60 0.243 232 
Pasture 2 60-85 0.156 262 
Pasture 2 85-110 0.171 360 
Pasture 3 0-15 0.229 722 
Pasture 3 15-35 0.247 572 
Pasture 3 35-60 0.195 260 
Pasture 3 60-85 0.174 146 
Pasture 3 85-110 0.101 53 







(mg C / kg) 
Pasture 4 0-15 0.259 1187 
Pasture 4 15-35 0.256 198 
Pasture 4 35-60 0.262 187 
Pasture 4 60-85 0.222 339 
Pasture 4 85-110 0.16 40 
Pasture 5 0-15 0.288 516 
Pasture 5 15-35 0.192 302 
Pasture 5 35-60 0.178 182 
Pasture 5 60-85 0.182 106 
Pasture 5 85-110 0.177 64 
Pasture 6 0-15 0.262 489 
Pasture 6 15-35 0.218 466 
Pasture 6 35-60 0.181 104 
Pasture 6 60-85 0.145 12 
Pasture 6 85-1 l 0 0.171 83 
Row Crop 1 0-15 0.245 302 
Row Crop 1 15-3 5 0.167 109 
Row Crop 1 35-60 0.212 115 
Row Crop 1 60-85 0.233 347 
Row Crop 1 85-110 0.234 55 
Row Crop 2 0-15 0.26 347 
Row Crop 2 15-3 5 0.206 13 6 
Row Crop 2 35-60 0.196 172 
Row Crop 2 60-85 0.223 32 
Row Crop 2 8 5 -110 
:Row Crop 3 0-15 0.252 503 
Row Crop 3 15-35 0.24 87 
Row Crop 3 35-60 0.227 443 
Row Crop 3 60-85 0.185 -20 
Row Crop 3 85-110 0.233 35 
Row Crop 4 0-15 0.305 294 
Row Crop 4 15-35 0.251 70 
Row Crop 4 35-60 0.191 267 
Row Crop 4 60-85 0.245 236 
Row Crop 4 85-110 0.243 35 
Row Crop S 0-15 0.344 443 
Row Crop 5 15-35 0.276 122 
Row Crop 5 35-60 0.257 377 
Row Crop 5 60-8 5 0.2 S 8 14 
Row Crop 5 85-110 0.262 39 
Row Crop 6 0-15 0.262 627 
Row Crop 6 15-35 0.244 392 
Row Crop 6 35-60 0.204 283 
Row Crop 6 60- 8 5 0.224 83 
Row Crop 6 85-110 0.226 133 
~s 
November 2001 -Otter Creek 






(mg C / kg) 
Pasture 1 0-15 0.233 559 
Pasture 1 15-35 0.231 173 
Pasture 1 35-60 0.229 221 
Pasture 1 60-85 0.168 107 
Pasture 1 85-110 0.265 86 
Pasture 2 0-15 0.226 446 
Pasture 2 15-35 0.263 213 
Pasture 2 35-60 0.248 214 
Pasture 2 60-85 0.18 -3 
Pasture 2 85-110 0.147 65 
Pasture 3 0-15 0.215 548 
Pasture 3 15-35 0.24 536 
Pasture 3 35-60 0.223 171 
Pasture 3 60-85 0.233 375 
Pasture 3 85-110 0.221 82 
Pasture 4 0-15 0.22 72 
Pasture 4 15-35 0.276 605 
Pasture 4 35-60 0.288 250 
Pasture 4 60-85 0.271 3 89 
Pasture 4 85-110 0.273 536 
Pasture 5 0-15 0.23 8 63 7 
Pasture 5 15-35 0.27 169 
Pasture 5 35-60 0.262 318 
Pasture 5 60-85 0.261 325 
Pasture 5 85-110 0.269 562 
Pasture 6 0-15 0.23 5 719 
Pasture 6 15-35 0.259 189 
Pasture 6 35-60 0.276 287 
Pasture 6 60-85 0.307 148 
Pasture 6 85-110 0.258 627 







(mg C / kg) 
Row Crop 1 0-15 0.271 348 
Row Crop 1 15-3 5 0.364 516 
Row Crop 1 35-60 0.336 379 
Row Crop 1 60-85 0.267 370 
Row Crop 1 8 5 -110 0.216 5 2 
Row Crop 2 0-15 0.226 322 
Row Crop 2 15-35 0.268 132 
Row Crop 2 35-60 0.303 187 
Row Crop 2 60-85 0.263 56 
Row Crop 2 8 5 -110 0.27 119 
Row Crop 3 0-15 0.287 550 
Row Crop 3 15-35 0.27 509 
Row Crop 3 35-60 0.311 70 
Row Crop 3 60-85 0.279 11 
Row Crop . 3 85-110 0.251 83 
Row Crop 4 0-15 0.316 396 
Row Crop 4 15-35 0.302 731 
Row Crop 4 35-60 0.313 216 
Row Crop 4 60- 8 5 0.215 164 
Row Crop 4 8 5 -110 0.2 5 3 44 
Row Crop 5 0-15 0.3 02 218 
Row Crop 5 15 -3 5 0.3 02 194 
Row Crop 5 35-60 0.353 342 
Row Crop 5 60-85 0.184 286 
Row Crop 5 85-110 0.232 423 
Row Crop F 0-15 0.3 3 3 5 62 
Row Crop 6 15-35 0.302 483 
Row Crop 6 35-60 0.218 132 
Row Crop 6 60- 8 5 0.241 617 
Row Crop 6 85-110 0.222 68 
79 
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APPENDIX C. OTHER PERTINENT DATA 
(Depth is in cm. Bulk density is in g cm"3. 
Nitrogen data is given on a per hectare basis as kg N ha -t cm"'.) 
123 
Stream Land Use Depth Bulk Density %Sand %Silt %Clay 
Crooked Creek Crop 0-15 1.47 62 31 6 
Crop 15-35 1.58 59 33 8 
Crop 35-60 1.47 63 30 7 
Crop 60-85 1.66 81 16 3 
Crop 85-110 1.61 52 37 11 
Forest 0-15 1.27 26 56 18 
Forest 15-35 1.44 34 51 15 
Forest 35-60 1.43 41 47 12 
Forest 60-85 1.39 47 41 12 
Forest 85-110 1.39 43 44 13 
Pasture 0-15 1.39 32 51 16 
Pasture 15-35 1.41 28 55 17 
Pasture 35-60 1.35 58 35 7 
Pasture 60- 8 5 1.3 3 44 42 14 
Pasture 85-110 1.18 55 32 12 
Long Branch Crop 0-15 1.3 8 13 67 20 
Crop 15 -3 5 1.5 8 11 69 20 
Crop 35-60 1.62 11 65 23 
Crop 60-85 1.51 11 61 29 
Crop 85-110 1.50 17 54 29 
Forest 0-15 1.18 14 67 19 
Forest 15-35 1.19 16 65 18 
Forest 35-60 1.27 22 60 18 
Forest 60-85 1.21 37 52 11 
Forest 85-110 1.17 35 54 10 
Pasture 0-15 1.32 10 70 20 
Pasture 15-35 1.32 13 67 20 
Pasture 35-60 1.29 13 55 32 -~ 
Pasture 60-85 1.47 No Data 
Pasture 85-110 1.59 24 49 27 
Otter Creek 
_ 
Crop 0-15 1.25 5 73 22 
Crop 15-35 1.29 4 75 21 
Crop 35-60 1.27 7 69 24 
Crop 60-85 1.46 8 71 21 
Crop 85-110 1.49 6 68 26 
Forest 0-15 1.13 4 72 24 
Forest 15-35 1.14 4 71 25 
Forest 35-60 1.17 20 61 19 
Forest 60-85 1.30 10 74 16 
Forest 85-110 1.41 No Data 
Pasture 0-15 1.29 6 69 25 
Pasture 15-35 1.31 6 69 25 
Pasture 35-60 1.25 6 69 25 
Pasture 60-85 1.29 8 78 15 
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